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STABILISED 
POWER 
SUPPLY 
UNIT 

TYPE 


R.11084 


PRICE REMAINS UNALTERED 
AT £57. 0.0 NETT. 


THE EDISON SWAN 


An improved version of the Ediswan Stabilised 
power supply unit type R1103 is now available. 
The R.1103A provides an additional fixed 
unstabilised D.C. output of between 515 and 
670 volts and its characteristics have been 


improved in two ways:— 


(1) Voltage range increased to 200V.-400V. 
(Previous minimum 250 volts.) 

(2) Full lead current of 200 mA. can now be 
taken at all output voltages. (Previously 
limited to 150 mA. above 350 volts.) 


BRIEF SPECIFICATION: 


INPUT.— 200-250 volts 40-100 c.p.s. 


OUTPUT.—High stability D.C. output 200-400 volts adjustable in three 
ranges. In addition, a fixed unstabilised output of 515-670 volts and two 
unstabilised 6.3 volt A.C. heater supplies are provided. 


LOAD.—Maximum 200 mA. 


STABILITY.—A 10 volt change in mains input voltage results in an output 
change of less than 0.15 volts. A change from zero to full load results in an 


output change of less than 0.5 velts. 
OUTPUT RESISTANCE.—Less than 3 ohms. 
RIPPLE.— Approximately 5 mV. R.M.S. 


OUTPUT CIRCUITS.— All circuits isolated from earth. Heater supplies can be 
operated at up to 500 volts from earth. 


MOUNTING.—The unit is designed for standard rack mounting or bench use. 


Further information on this and other Ediswan 
Stabilised Power Units available on request. 


ELECTRIC COMPANY LIMITED 


Member of the A.E.1. Group of Companies 


155 Charing Cross Road, London, W.C.2 and Branches Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is 6d. per word. Minimum charge |2/-. Box b 


Wanted,’’ when it is free. 


2/- extra, 





‘ ’ pt in the case of advertisements for ‘‘ Situations 
Specially spaced advertisements per inch single column 42/6. A remittance must accompany the advertisement. 


to Box numbers should be addressed to : ‘‘ Electronic Engineering,’’ 28, Essex Street, Strand, London, W.C.2. Advertisements must be received 
before the | 4th of the month for insertion in the following issue. 








OFFICIAL APPOINTMENTS 


AIR MINISTRY requires Scientific Officer (male) 
at R.A F. Station near Maidenhead, Berks, for 
operational research duties, theoretical studies 
and development work in the field of communi- 
cations and general electronics. Qualifications: 
First or Second Class Honours degree in physics 
or electrical engineering, or equivalent. Salary: 
Within range £467 10s. to £845. Post unestab- 
lished with possibilities of establishment through 
the Civil Service Commission for successful can- 
didate whilst remaining under age 31. Oppor- 
tunities for promotion to higher grade posts on 
staff of Scientific Adviser to Air Ministry. 
ge forms, quoting A_ 113/5A from 

.L.N.S., Technical and Scientific Register (K) 
26 King Street, London, S W.1 W 3356 
APPLICATIONS are invited for pensionable 
posts as Assistant Examiners in the Patent Office 
to undertake the official scientific technical and 
legal work in connexion with Patent Applications. 
There are a small number of similar posts in the 
Ministry of Supply. Applications may be accep- 
ted up to 3lst December, 1955 but early appli- 
cation is advised as an earlier closing date may 
be announced. Interview Boards will sit at fre- 
quent intervals. Candidates must be between 21 
and 28 years of age during 1955 (up to 31 for 
permanent members of the Experimental Officer 
Class) and have First or Second Class Honours 
Degree in physics, chemistry, mechanical or 
electrical engineering, or mathematics. Candi- 
dates taking their degree in 1955 may apply 
before the result of their degree examination is 
known. Starting emoluments in London, includ- 
ing Extra Duty Allowance for 454-hour week, 
between £532 and £729 (men) £642 (women) ac- 
cording to periods of National Service and post- 
graduate experience rising to £896 (men) and 
£799 (women). Promotion to Examiners—£934 
to £1,279 (men) £820 to £1,144 (women); normally 
after 5 years (3 or 4 years in exceptional cases). 
Women’s scales subject to increase under equal 
ay scheme. Good expectation of promotion to 

nior Examiner. Candidates are recruited by 
selective interview. Application forms and further 
information from the Civil Service Commission, 
Scientific Branch, 30 Old Burlington Street, 
London, W.1, quoting number S 128/55. W 3325 


ASSISTANT ENGINEER § (Telecommunications 
and Electronics) required for their London Office 
by the Crown Agents for Overseas Governments 
and Administrations. Basic salary scale £650 x £25 
to £750x £30 to £960x£40 to £1,000 plus Extra 
Duty Allowance of approximately 8 per cent 
and a Pay Supplement of from £25 to £35 a year. 
The £650 minimum is linked to entry at age 25 
and is subject to increase at the rate of one 
increment for each year above that age up to 34. 
Fully qualified officers at least 27 years old may 
be eligible for a special increase of £75 after two 
years’ service. Engagement on_ unestablished 
terms with prospect of appointment to the estab- 
lished staff after five years’ service and of pro- 
motion. Candidates should be between 25 and 35 
year of age and have a degree in electrical engin- 
eering (Telecommunications and Electronics) or 
be a Graduate or Corporate Member of the 
Institution of Electrical Engineers. They should 
have had works experience with an established 
firm specializing in telecommunication and elec- 
tronic equipment and have had _ subsequent 
operating or design experience on this type of 
equipment. Previous contract experience would 
be an advantage. The dufies of the post will 
entail the purchase of all types of telecommuni- 
cation, broadcasting and other electronic equip- 
ment including the preparation of detailed speci- 
fications to enable tenders to be invited, and ad- 
judication thereon. A’‘so, the preparation of 
reports giving advice to Administrations on 

oblems connected with this t of equipment. 

Tite to the Crown Agents, 4 Millbank, London, 
S.W.1. State age, name in block letters, full 
qualifications and experience and quote M2A/ 
40772 /EK. W 3281 


BATTERSEA POLYTECHNIC, London, S.W.11 
Applications are invited from graduates of a 
British University with industrial experience, for 
the post of Senior Lecturer in Telecommunica- 
tions. Salary £1,101 or £1,113x£25—4£1,263. 
Further particulars from the Clerk to the Govern- 
ing body by whom applications should be 
received as soon as possible W 3359 
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ASSISTANTS (Scientific). The Civil Service 
Commissioners invite applications for pensionable 
posts. Applications may be accepted up to 3lst 
December, 1955 but early application is advised 
as an earlier closing date may be announced 
either for the competition as a whole or in one 
Or more subjects. Interview Boards will sit at 
frequent intervals. Age at least 174 and under 
26 years of age on Ist January, 1955, with exten- 
sion for regular service in H.M. Forces, but 
candidates over 26 with specialized experience 
may be admitted .Candidates must produce 
evidence of having reached a prescribed standard 
of education, particularly in a science or mathe- 
matical subject. At least two years’ experience 
in the duties of the class gained by service in 
Government Department or other civilian scien- 
tific establishment or in technical branches of 
the Forces essential in one of the following 
gtoups of scientific subjects:— (i) Engineering 
and physical sciences. (ii) Chemistry, bio- 
chemistry and _ metallurgy. (iii) Biological 
Sciences. (iv) General. (including geology, 
meteorology, general work yee over two or 
more groups (i) to (iii) and highly skilled work 
in laboratory crafts such as_ glass-blowing). 
Inclusive salary scale £262 (at 18) to £545 (men) 
or £469 (women). ‘Starting pay up to £402 (men) 
or £362 (women) at 25. Women’s pay subject 
to improvement under Equal Pay scheme. 
Somewhat less in provinces. Opportunities for 
promotion. Further particulars from Civil 
Service Commission. Scientific Branch, 30 Old 
Burlington Street, London, W.1, quoting No. 
$59/55. W 3353 


ATOMIC ENERGY RESEARCH Establishment, 
Harwell, near Didcot, Berks, has vacancies for 
Senior Experimental Officers and Experimental 
Officers in its Geological Instrument Group. 
Duties are concerned with the design, develop- 
ment and servicing of electronic radiation measur- 
ing equipment for use in geological prospecting 
for radioactive minerals. The successful candi- 
dates will be based either in London or at 
A.E.R.E., Harwell, but will be expected to under- 
take periods of field work overseas. These 
periods will normally be of a few weeks dura- 
tion, but may, in some cases, extend to several 
months. Applicants should be at least 26 years 
of age and possess minimum qualifications of 
Higher School Certificate in science subjects, or 
equivalent qualifications. They should have 
received training in radio, electronics or physics 
and preferably have had several years’ experience 
in the’ design and development of electronic 
equipment. Experience with radiation measuring 
equipment is not essential but would be an 
advantage. Appointments will be made either 
in the grade of Senior Experimental Officer 
(£1,090-£1,285 p.a.) or Experimental Officer 
(£775-£945 p.a.) according to age, experience and 
qualifications, and selected officers will be re- 
quired to join the Authority’s contributory super- 
annuation scheme. Request for Application Form 
should be sent on a postcard to Establishment 
Officer, U.K. Atomic Energy Authority, 
A.E.R.E.. Harwell, Didcot, Berks, quoting 
2/103 /333. W 3369 
BATTERSEA POLYTECHNIC, London, S.W.11. 
Applications are invited from graduates of a 
British University for the following s in 
Electrical Engineering Department:—_ Senior 
Lecturer in Electronics. Lecturer in Electrical 
Measurements. Lecturer in Electrical (Light 
Current) Engineering. Salary in accordance with 
the London Burnham Technical Scale less statu- 
tory deductions:— Senior Lecturer, £1,101 or 
£1,113 x £25—£1,263. Lecturer, £1,001 or £1,013 
x £25—£1,113. | Further particulars from _ the 
Clerk to the Governing Body, by whom appli- 
cations should be received as.soon as es 


BRISTOL MENTAL HOSPITAL Management 
Committee. Lady Recordist required for depart- 
ment of Electro-encephalography at Barrow Hos- 
pital. near Bristol. Age 22 to 25. Salary: if 
no E.E.G. experience but preferably some know- 
ledge of electronics or physiology £255 at age 22, 
£285 at age 24 and over, rising to £330; if E.E.G. 
experience and training adequate £290 at age 22, 
£320 at age 24 and over, rising to £450. Trans- 
port provided between Bristol Centre and hos- 
pital. Apply within 14 days giving names of 
three referees to Secretary, Bristol Mental 
Hospital, Fishponds, Bristol. W 3341 


CHARING CROSS HOSPITAL Medical School 
(University of London). Applications are invited 
for a post of Research Assistant in the Depart- 
ment of Physiology for work on auditory physio- 
logy. The work will involve audio frequency 
electronic techniques, and the design construction 
and maintenance of such apparatus. Appli- 
cants should possess a degree or equivalent quali- 
fication in electronics. Appointment for one year 
in the first instance to commence Ist September, 
1955. Salary £600 p.a. Further details from the 
Secretary, 62 Chandos Place, London, W C.2. 
W 3261 
DERBY TECHNICAL COLLEGE. Principal: T. 
Heap, Ph.D., M.Sc.,_ F.R.I.C., AMILA. 
Applications are invited for the post of Lecturer 
in Electronics in Electrical Engineering Depart- 
ment. Candidates should be graduates and be 
willing to teach Electronics for B.Sc. (Eng.) and 
Grad. I.E.E. and for Radio and Television 
Servicing. Industrial and teaching experience 
desirable. Salary in accordance with the Burn- 
ham_ Scale for Lecturers: £965 x £25—£1,065. 
Application form and details of the post can 
be obtained from the Principal, Derby Technical 
College; Normanton Road, Derby by whom com- 
pleted applications should be received within two 
weeks of the appearance of this advertisement. 
C. Midd'eton, Director of Education, Education 
Office, Becket Street, Derby. W 3306 


KENT EDUCATION COMMITTEE, North West 
Kent College of Technology, Dartford. Principal: 
Eric S. Gyngell, Ph.D., B.Sc., F.R.I.C. Depart- 
ment of Electrical Engineering. Applications are 
invited for an appointment as Lecturer in Elec- 
trical Engineering, duties to commence on Ist 
September next, or as soon as possible thereafter. 
Applicants should possess a Good Honours degree 
in Electrical Engineering, or equivalent qualifi- 
cations and shou'd have industrial experience in 
Electronics or Telecommunications. Teaching ex- 
perience would be an added qualification. Salary 
in accordance with the Burnham (F.E.) Scale for 
Lecturers, viz., £965 £25 to £1,065 per annum. 
Further particulars and form of application may 
be obtained from the Principal, North West Kent 
College of Technology, Miskin Raad, Dartford, 
Kent. W 3283 


KENT EDUCATION COMMITTEE, North 
West Kent College of Technology, Dartford. 
Department of Electrical Engineering. Required 
September Assistant Lecturer in Electrical 
Engineering. Applicants should be graduates of 
a British University or hold equivalent qualifica- 
tions and should have industrial experience in 
Electronics or Telecommunications. Teaching 
experience would be an _ added qualification. 
Salary Burnham Technical Scale according to the 
qualifications either Grade A (£450 x £18—£725) 
or Grade B (£525« £25—£820) plus graduate and 
other appropriate allowances. Further particu- 
lars and application forms obtainable from_ the 
Principal, North West Kent College of Tech- 
nology, Miskin Road, Dartford. W 3360 


LONDON COUNTY COUNCIL. Norwood 
Technical College, Research Assistant, commence 
September 1955. Must hold suitable degree or 
equivalent — qualification. Telecommunications 
Engineering and Physics—for participation in a 
programme which includes (i) Self resonance of 
small capacitators. (ii) Development of low fre- 
quency sine wave oscillators not embodying cir- 
cuits. (iii) Design of electron optical systems to 
illustrate distortion. (iv) Controls methods em- 
ploying gas filled triodes. Successful candidates 
wili be required to undertake a small amount of 
demonstration, and the appointment will be for 
two or in exceptional cases three years. The post 
carries an allowance not exceeding £350 per 
annum. Application forms from: Principal at 
College, Knights Hill, S.E.27, returnable as soon 
as possible. (897). W 3367 


NORTHAMPTON POLYTECHNIC, E.C.1. 
Department of Electrical Engineering. Required 
Senior Laboratory Technician. Post offers ex- 
perience in all aspects of e'ectrical engineering 
with either light current or electrical power 
specialization. Facilities available for higher edu- 
cation. Five weeks paid holiday annually. Salary 
£401 by annual increments of £25 to £503 plus 
supp!ement for approved educational qualifica- 
tion. Post superannuable. Applications to Head 
of Department. W 3327 
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MINISTRY OF SUPPLY requires Engineer in 
London to hep pian production and progress 
wide | range Army radar, signals equipment, 
associated liaison work. Qualifications: British of 
British parents. Recognized engineering appren- 
=r, or equivalent in electronics, and 
A.M.I.C.E. or Mech. E. or E.E. or exempting 
qualifications. Sound knowledge electronic equip- 
ment and experience modern production methods 
essential. Experience radar equipment, servo- 
mechanisms or any centimetric wavelength work 
advantageous. Salary: Within £675 (age 25) to 
£1,035. Not established but opportunities to 
compste for establishment may arise. Applica- 
tion forms from .L.N.S., Technical and 
Scientific Register (K), 26 King Street, London. 
S.W.1, quoting D 267/5A. W 3354 


MINISTRY OF SUPPLY requires Assistant 
Technical Cost Officers, based at Mottingham 
London, S.E.9, but considerable travelling neees- 
sary. Duties: Preparing detailed prime cost 
estimates on manufacture of engineering pro- 
ducts. _ Qualifications: British of British parents. 
Recognized engineering apprenticeship. Good 
experience rate fixing, planning and prime cost 
estimating on high-class engineering products. 
Some vacancies require good machine shop ex- 
perience. O.N.C. or equivalent desirable. Salary: 
Within £690 (age 30) to £810. Not established 
but opportunities to compete for establishment 
may arise. Application forms from Ministry of 
Labour and National Service, London Appoint- 
ments Office, 1-6 Tavistock Square, W.C.1, quot- 
ing B.Y. 928. W 3357 


MINISTRY OF SUPPLY requires Engineers at 
R.A.F. station in Buckinghamshire for investi- 
gation of problems connected with pulse typ: 
radio navigational aid systems (ref. D 268/5A), 
or installation design of radio telegraph tele- 
Phone terminal offices and/or major receiving 
and transmitting stations in worldwide system 
(ref. D 269/5A). Qualifications: British of 
British parents. Recognized engineering appren- 
ticeship and A.M.I.C.E. or Mech. E. or EE. or 
exempting qualifications. Sound knowledge and 
experience re techniques used in radio nav. 
aids, or of modern telegraph telephone tech- 
niques used in radio-circuits and/or of modern 
long distance radio equipment including aerials. 


Salary: Within £645 (age 25) to £995. Not 
established but opportunities to compete for 
establishment may arise. Application forms 


from M.L.N.S., Technical and Scientific Register 
(K), 26 King Street. London, S.W.1, auoting 
appropriate reference. W 3355 


MINISTRY OF SUPPLY requires Engineer at 
Chertsey. Surrey, to supervise design staff on 
radio equipment installation in armoured fight- 
ing vehic'es; co-ordinate contractors’ design 
work and maintain necessary liaison. Qualifica- 
tions. British of British parents. Recognized 
engineering apprenticeship, or equivalent in elec- 
tronics, and A ee or Mech.E. or E.E. 
or exempting qualifications. Experienced instal- 
lation radio equipment essential, knowledge 
Services radio and A.F.V.s advantageous. Sal- 
ary within £645 (age 25) to £995. Not established 
but opportunities to compete for establishment 
may arise. Application forms from M.L.N.S., 
Technical and Scientific Register (K). 26 King 
Street, London, S.W.1, quoting D 236/5A 


W 3293 
MINISTRY OF SUPPLY, Radar Research Estab- 
lishment, Malvern, Worcestershire. requires 
Electrical Engineers and Physicists for research 


and development work, mainly on radar and elec- 
tronic equipment. Work ranges from funda- 
mental research on circuitry and physics of 
solids to devising and developing, in collabora- 
tion with Industry, electronic devices for the 
armed forces. Ample scope for initiative and 
originality over very wide field, concerned mainly 
with electronics. , Fore ng Higher School Certifi- 
cate (Science) or equivalent but possession of 

C. or degree in Physics or Electrical Engin- 
eering may be an advantage. Salary within 
ranges: Experimental Officer (minimum age 26) 
£715-£880. Assistant EO. £288 10s. (age 18) to 
£640. omen somewhat less. Application forms 
from M.L.N.S., Technical and Scientific Register 
(K), 26 King Street, London, S.W.1, quoting 
D.231/5A. Closing date 9th July, 1955. W 3294 


SENIOR TECHNICIAN required for research 
work in connexion with high voltage machine 
for nuclear research. Experience in electronic 
circuitry and electrical work. Commencin - 
ary in range £490-£590 plus London Weighting. 
Applications (in writing) as soon as possible to 
Laboratory Superintendent, Physics Dept.. 
Imperial College, London, S.W.7. W 3295 
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THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY requires a Technician (Grade II) 
at Aldermaston, Berks, to control technical and 
other staff forming a team engaged upon the 
preparation and maintenance of complex tele- 
metry equipment used in field trials. Duties will 
include supervision of work both in laboratory 
and in the field and involves active participation 
in the trials which may entail periods of detached 
duty at other stations. Applicants must have had 
approved practical training and experience in 
electronic or radio engineering. Previous experi- 
ence of field trials and ability to work with the 
minimum supervision from professional staff are 
essential. Possession of an appropriate National 
Certificate or equivalent technical qualifications 
would be an advantage. Salary £710 (age 30) to 
£830 (male). The successful applicant will be 
required to join the Authority’s contributory 
superannuation scheme. Housing accommod3:- 
tion will be available within a reasonable period 
at Aldermaston if the successful applicant is 
married and living outside the radius of the 
Establishment’s transport facilities; during the 
waiting period a lodging allowance may be 
payable. The Authority may be able to assist 
in the purchase of a house. Requests for appli- 
cation forms by postcard to Senior Recruitment 
Officer, A.W.R E., Aldermaston, Berks. Quoting 
Reference 344/WGE/42. W 3304 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires 
Technicians Grade II and III for the following 
duties:— 656/WGE/42, Technician Grade II to 
be responsible for the specification of compo- 
nents to be used in complex electronic equipment 
end to progress the production of such equipment 
by outside contractors. Applicants should have 
had extensive experience in the specification and 
inspection of electronic components and be cap- 
able of deducing from circuit diagrams the toler- 
ances and working limits of the components re- 
quired. 657/WGE/42, Technicians Grade III to 
work in a team engaged on the development of 
control systems making use of relays, uniselectors 
and audio-tone systems. Experience of the instal- 
lation, maintenance and testing of automatic tele- 
phone exchanges and carrier telephony is desir- 


able. 658/WGE/42, Technicians Grade III to 
work on complex e'ectronic instruments, both 
in the laboratory and on field trial sites. The 


wo-k involves the development of new circuit 
designs, installation of equipment on trial sites 
and maintenance and manning of the equipment 
during trials. Previous experience of the constrvc- 
tion testing and adjustment of complex electronic 
equipment is essential. Some experience in one 
or more of the following fields would be an ad- 
vantage:— V.H.F. transmission and _ reception. 
High Speed Pulse circuits, High Speed oscil'o- 
graphy, Audio-frequency systems, Extra High 
voltage work. Successful applicants against 
658 /WGE/42 will be required to serve periods of 
duty overseas. Applicants for all posts should 
have served a recognized engineering apprentice- 
ship or have had equivalent training in an appro- 
priate trade. Salary—Technical Class Grade II 
£710 (age 30) £830 p.a. (male). Technical Class 
Grade III £575 (age 26) £715 p.a. (male). Super- 
annuation—The successful applicants will be 
required to join the Authority’s contributory 
scheme. Housing—Housing accommodation will 
be available within a reasonable period for 
married officers who live outside the radius of the 
Establishment’s transport facilities or alternatively 
the Authority may be able to assist successful 
applicants in the purchase of a house. During 
this period a. lodging allowance may be payable. 
Requests for application forms by postcard to 
Senior Recruitment Officer, A.W.R.E., Alder- 
maston, Berks. Quoting the appropriate refer- 
ence number. W 3280 


SCOTTISH COUNCIL = (Development and 
Industry) requires one chemist and one physicist 
or engineer for appointments on its technical 
staff. Work in each case includes assistance to 
inquirers (such as firms, local authorities, trade 
unions); attraction of p'ant investment to Scot- 
land; development of new industrial projects par- 
ticularly in science-based industries. Degree or 
equivalent required; industrial experience, includ- 
ing design or development, desirable. Age range 
about 27-37; salary ran £950-£1,200. Apply 
with particulars of qualifications and experience 
to the Secretary, Scottish Council (Development 
and Industry), 1 Castle Street, a 2, 
marking envelope ‘‘Technical’’. 3301 
THE ROYAL TECHNICAL COLLEGE 
COLLEGE, Glasgow (in affiliation with the Uni- 
versitv), Department of Electrical Engineering. 
in Electronics:— Applications are invited for 
this appointment. at a salary in the range of 
£650 x £50—£1,350, with F.S.S.U. benefits, and 
commencing not later than October Ist. Candi- 
dates should possess a good Honours Degree in 
Electrical Engineering, and have had experience 
in Servo-mechanisms. The duties will include 
lecturing to undergraduate and post graduate 
students, and participation in research activities. 
Further details and forms of application may be 
obtained from the Secretary. W 3308 
UNIVERSITY OF EDINBURGH. Department 
of Engineering. Applications are invited for a 
Lectureship in Engineering. Salary scale £950x 
£50 to £1,350 per annum, with placement acoord- 
ing to qualifications and experience, and with 
superannuation Benefit and Family Allowance 
where applicable. Applicants must have 
industrial and research experience. The teach- 
ing duties will be principally in the post-graduate 
school of Electronics and Radio. The success- 
ful candidate will be required to take up duty 
on Ist Octnber 1955 or as soon thereafter as 
ssible. Further particulars may be obtained 
ee the undersigned, with whom _ applications, 
together with the names of two referees, should 
be lodged not later than Ist August 1955. Charles 
H. Stewart, Secretary to the University. W 3338 
VACANCIES FOR SKILLED CRAFTSMEN in 
Government Department at Cheltenham. Appli- 
cants required with experience of:— (a) Mainten- 
ance and Instal'ation of Teleprinters, Autotrans- 
mitters, Perforators, Re-perforators or experi- 
ence in (b) Cabling. Wiring, Distribution frames, 
Jack fields or a knowledge of (c) Long distance 
radio communication systems, Line telegraph 
systems (e.e.V.F.) Multiplex and_five-unit tele- 
graph code. Basic pay: £7 18s. 10d. plus merit 
pay up to £2 10s., assessed at_interview, based 
on ability and experience. Opportunities for 
permanent and pensionable posts. Five-day week, 
good working conditions—single accommodation 
available. Apply to: Personnel Officer, G.C.H.Q. 
(Foreign Office), 53 Clarence Street, mee 


SITUATIONS VACANT 
The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 


AERODYNAMICISTS, Physicists, |Mathemati- 
cians and Engineers. A rapidly expanding air- 
craft instrument firm engaged on the design and 
development of autopilots for aircraft and heli- 
copters has vacancies for the following: | (a) 
Stability and control analysis. (b) Flight simu- 
lator assessment of aircraft stability (c) Air- 
craft Flight Trials of Equipment. Previous ex- 
perience in the aerodynamics or flight test de- 
partment of aircraft or guided weapons industry 
desirable but not essential. (d) Testing and 
development of electro-hydraulic servomechan- 
isms. Previous experience with hydraulics not 
essential. Good electrical knowledge is neces- 
sary. Duties will include testing equipment at 
hydraulic firms. Please apply giving full details 
of career and salary reauired (which will be 
treated in strict confidence) to: Personnel Officer, 
Louis Newmark Ltd., Prefect Works, Purley 
Way, Croydon, Surrey. W 3371 
AIRMEC LIMITED have vacancies for Senior 
Development Engineers. Applicants must have 
had considerable experience of electronic or tele- 
communication equipment, and a 200d _ degree 
in Engineering or Physics is desirable. Pension 
scheme in operation. Apply Personnel Officer, 
Airmec Limited, High Wycombe, Bucks. W 3332 


CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





AERONAUTICAL OPPORTUNITIES. A _ well- 
known firm in the aircraft industry is starting a 
mew project in a London Office. It is anxious 
to recruit staff to form an Assessment Group. 
Vacancies with unusual opportunities for rapid 
Promotion exist to meet the following approxi- 
mate requirements:— Assessment Group. Group 
Leader age 30/37, Science or Engineering degree 
standard, experienced in aircraft, or G.W. pro- 
ject or assessment groups, with knowledge of 
performance and servomechanism problems and 
analysis of flight and laboratory tests. Personality 
is important. Section Leaders ages 27/35, Science 
or Engineering degree standard, general experi- 
ence as for Group Leader but to a lesser extent. 
Staff to fill these sections, with various capabili- 
ties from Computing to Honours Degree in 
Science or Engineering. The age groups specified 
are given for guidance only and need not deter 
candidates outsides these limits. Monthly staff 
appointments carry a compulsory Pension Scheme 
and Weekly staff a voluntary Superannuation 
scheme. Write in confidence, giving full details 
of age, previous experience, qualifications held, 
ete.; to: Box No. A. C. 08411 Samson Clarks, 
57/61 Mortimer Street, London, W.1. W 3349 





AIR TRAINERS Limited, Bicester Road, Ayles- 
bury, Bucks. Several vacancies in the following 
gtades exist for interesting work at good salaries 
on the development of Flight simulators and 
other training equipment: Design Engineers, Tech- 
nical Assistants, Laboratory Assistants with ex- 
perience in any of the following:— Pulse Tech- 
niques, Servo Mechanisms, Circuit Development. 
Applicants for the post of Design Engineer should 
Possess a Degree or the H.N.C. House available. 
Please reply in writing to the Personnel Officer. 

W 3268 





AN ASSISTANT DEVELOPMENT ENGINEER 
is required who is accustomed to telephone prac- 
tice, including simple automatic systems. He 
should have some knowledge of audio frequency 
electronics and of acoustics. The salary would be 


in the range £500-£650 p.a. Apply to Chief 
Engineer, Winston Electronics Ltd., 1 Park Road, 
Hampton Hill, Middlesex. W 1337 





AN ELECTRONIC ENGINEER is required by 
Decca Radar to fill a key position in a Radar 
Systems Team. The post carries a substantial 
salary on a rising scale, and there are excellent 
prospects for further promotion. Applicants 
should be of H.N.C. or degree standard, and 
have had considerable previous experience in this 
field. There is a pension scheme in operation. 
British Nationality essential. Please write, quot- 
ing reference RLA 114, to Decca Radar Limited, 
Radar Research Laboratories, 2 Tolworth Rise, 
Surbiton, Surrey. W 3290 


AIRCRAFT RADIO AERIALS. Gloster Air- 
craft Co. Ltd., Gloucester, have a vacancy 
for an Electronic Engineer (H.N.C. or equivalent) 
to work on the development of su d aerials 
for aircraft. The work involves theoretical and 
Practical knowledge of measurements from ‘‘H.F.”’ 
to “X’’ bands and of the properties of differen 
types of suppressed aerials. A small laboratory is 
being established for the work. An elementary 
knowledge of aircraft design and construction 
would be an advantage. Applications stating age, 
previous emp'oyers and experience, etc., should 
be addressed to the Employment Officer. W 1319 


ELECTRONIC ENGINEERING 





APPLICATIONS are invited from senior project 
engineers with a specialized knowledge of the 
manufacture of electrical and mechanical pro- 
ducts. Applicants should have a good practical 
engineering background and a sound technical 
experience of tool design and planning and be 
capable of putting new projects on a sound pro- 
duction basis. These vacancies offer excellent 
opportunities to men_ seeking permanent and pro- 
gressive positions. London area. Applications, 
which will be treated in confidence, should give 
full details of 4 47 and salary required and 
be addressed to x No. W 3298. 





APPLICATIONS are invited for position of Post 
Design Service Officer. The work includes the 
supervision of drawing and other information on 
airborne radio and radar equipment, also techni- 
cal liaison with the Services and Aircraft Manu- 
facturers. A retiring R.A.F. Signals Officer 
would be suitable. Applicants should write giv- 
ing details of career to date and salary expected 
to Personnel Department (PDS), Murphy Radio 
Limited, Welwyn Garden City, Herts. W 3361 


A PROJECT ENGINEER with design and 
development experience required by  Electro- 
thermal Engineering Ltd. Applicants should be 
members of the Institute of Electrical Engineers 
or equivalent, be earning a four figure salary and 
be able to initiate and carry through the develo; 

ment of new products. To a man between 

and- 40 years of age this position offers wide 
scope in an interesting and expanding field. 
Details of age, past experience, qualifications and 
salary required should be sent in writing to 
270 Neville Road, London, E.7. W 3337 





ASSISTANT CHIEF DRAUGHTSMAN required 
by well-known electronic engineering Company 
(London area) with large Drawing Office. Appli- 
cants, who must be of British Nationality and 
have had substantial industrial experience, should 
be accustomed to working at senior level and 
possess a first-class personality. Applications will 
be considered from those who are at present 
holding an Assistant Chief or Senior position 
but seek greater scope for their abilities. The 
position carries a substantial starting salary and 
a Pension Scheme is in operation. Please write 
stating age and experience to Box F.E.503 c/o 
191 Gresham House, E.C.2. W 3310 





A SENIOR ENGINEER is required to take 
charge of a Radio Measurements and Environ- 
mental Laboratory at a new plant in_Enfield, 
and to assist in the training of Junior Engineer- 
ing staff. Applicants must have a sound know- 
ledge of the techniques employed in radio and 
electrical measurements and should preferably have 
had some experience of work on Government 
Contracts. This is a a permanent post in an 
expanding organization and a suitable applicant 
will command a good “7, A superannuation 
scheme is in operation. rite giving details of 
aualifications. age and experience to:— The 
Personnel Manager (quote B. 3805), Ferguson 
Radio Corporation Ltd., Great Cambridge Road, 
Enfield. W 3346 





A VACANCY occurs for a development engineer 
in a design group concerned with a wide range 
of small transformers and inductors of types 
used in radio equipment and electrical appliances. 
Preference will be given to applicants having ex- 
perience of this class of work, but young 
engineers with a sound basic training and limited 
experience will be considered, and if successful, 
will have the opporunity of gaining practical 
knowledge of design problems met in fulfilling 
commercial and military specifications. An attrac- 
tive salary is offered together with good future 
prospects. The company's extensive laboratory 
and production facilities are situated in the 
London area. Please reply, giving details of 
qualifications and experience to Box No. W 3276. 





AUTOMATIC TELEPHONES & ELECTRIC 
COMPANY LTD., Liverpool, 7. Communication 
Engineers and Draughtsmen. The transmission 
Department invite ae in senior, and 
junior, categories for Line Transmission Labora- 
tory Engineers, and Apparatus Design Engineers, 
and also Draughtsmen with experience in tele- 
communication and light current engineering. 
Expanding programmes offer progressive oppor- 
tunities in interesting work. Specialist experience 
in any branch of line transmission engineering is 
desirable for some of the ts. The positions 
offered are on the Company Staff, with contri- 
butory Pensions Fund, and usual staff conditions. 
Assistance in establishment in the Liverpool area 
will be given in approved cases. Applicants 
should write to the Personnel Manager, Auto- 
matic Telephone & Electric Co. Ltd., —— 
Works, Edge Lane, Liverpool, 7, giving full 
details of age, experience gud esrcmen 


AUTOMATION ENGINEERS required for a 
new development section. Vacancies exist for: — 
1. Electronic Development Engineer with previ- 
ous laboratory experience in photo electrics and 
servo mechanisms. .N.C. or equivalent 2. 
Design Draughtsman with electro mechanical ex- 
perience. Good prospects, salaries commen- 
surate with qualifications and experience. Apply 
Personne! Manager, Hilger Watts Ltd., 48 
Addington Square, London, S.E.5. W 3286 
BRITISH TELECOMMUNICATIONS 
RESEARCH LTD. have a number of vacancies 
for qualified and experienced Senior and Junior 
Research and Development Engineers to work on 
Wide-Band Microwave Radio Systems, Aerials 
and Propagation. Considerable expansion in the 
field is envisaged, and there are, and will be, 
excellent opportunities for advancement. The 
company operates a superannuation scheme, and 
offers attractive working conditions with good 
social and recreational facilities. All applications 
will be dealt with in confidence and should be 
addressed to The Director of Research, Taplow 
Court, near Maidenhead, Berks. W 3314 
BRUSH ELECTRICAL ENGINEERING Co. 
Ltd., Loughborough, Leics., have vacancies 
for Research Engineers to assist with advanced 
projects connected with the development of elec- 
trical machines. Men interested in Servo- 
mechanisms, Ventilation, Insulation, Mechanical 
Design or associated technologies are invited to 
apply. Candidates should possess a good degree 
in electrical or mechanical engineering, have 
previous experience of research or development 
and be prepared for further study. Conditions 
of service include non-contributory staff assurance 
scheme. Please apply with full details to Chief 
Personnel Officer, Brush Electrical Engineering 
Co. Ltd., Loughborough, Leics. 3347 


CHEMIST required by electrical manufacturers 
for development work. Should have experience 
on surface coatings and insulation compounds 
as used in wire and cable industry. Our staff 
are advised of this vacancy. Location E. London. 
Write ‘experience, qualifications, present salary. 
Box No. W 3363. 


CHIEF ENGINEER for old established Elec- 
tronic Test Equipment factory. Man with practi- 
cal knowledge of Test Gear design, ability to 
take full technical control, is offered excellent 
post. Give details of experience to Man. Dir. 
Box No. W 1365. 


222 





CIRCUIT DESIGN ENGINEERS are required 
by Decca Radar for — created by the 
continued expansion of their Research Labora- 
tories. These cover work in a wide field, em- 
bracing high and low pulse, receiver, A.F.C., 
radar display, and test equipment design in 
standard and sub-miniature form. Appplicants 
should preferably be of degree or H.N.C. stan- 
dard, and have had previous experience in this 
field. A pension scheme is in operation. British 
Nationality essential. Please write to 

Radar Limited, 2 Tolworth Rise, Surbiton, 
Surrey, quoting reference RLA 103. W 3292 





DESIGN DRAUGHTSMAN, ppreferably with 
H.N.C., and with experience of electronic and/ 
or precision electro-mechanical equipment re- 
quired by the Electrical Research Department. 
Good starting salary and prospects, with pension 
scheme and five-day week. Write giving full 
details of age, experience and qualifications to 
Personnel Manager, C. A. Parsons & Co. Ltd., 
Heaton Works, Newcastle upon Tyne, 6. W 3331 


CLASSIFIED ANNOUNCEMENTS 
continued on page 6 
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As every schoolmaster knows, pupils are from time to time capable of 
the most learned dissertations on subjects completely outside the matter in hand. Not, 
it should be added, that these often concern such specialised subjects 
as Linear Amplifiers. To be put fully in the picture on this it is 
necessary to talk to EKCO, who have all the relevant details at their finger-tips. 








LINEAR AMPLIFIER TYPE N568. 


Developed in conjunction with the Atomic Energy Research Establishment, 
this highly stabilised wide-band amplifier incorporates the latest advances 
in the design of linear pulse amplifiers for use in nuclear physics. 
It comprises a main amplifier; H.F. head amplifier; and cathode- 
follower head amplifier for use with particle counters working 
in the proportional region. A maximum overall voltage gain 

of 1,000,000 is provided and gain stability is of the order of 0.1%. 


Please write for illustrated catalogue of the complete range of Ekco electronic equipment 
for the radiochemical laboratory. re 


© EK OD vrectesrics 


EKCO ELECTRONICS LTD. +© EKCO WORKS + SOUTHEND-ON-SEA + ESSEX 
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SITUATIONS VACANT (Cont’d.) 





The engagement of persons answering these 
advertisements must be made through a Lo 

Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 








DECCA RADAR LIMITED invite applications 
from young men, preferably of H.N.C. stan- 
dard or above, who would like to become micro- 
wave engineers working in the modern wide 
field of navigational aids. Training will be given 
to suitable applicants to fit them for a progres- 
sive career. There is a pension scheme in opera- 
tion. British Nationality essential. Write, giving 
full personal details and quoting RLA 105, to 
Decca Radar Limited, Radar Research Labora- 
tory, 2 Tolworth Rise, Surbiton, Surrey. W 3289 





DESIGN and Detail Draughtsmen required for 
interesting work on X-ray apparatus, electronic 
equipment and __ electro-mechanical devices. 
Applicants should have several years’ D.O. ex- 
perience and preferably H.N.C. or O.N.C. 
Write listing experience, qualifications and salary 
required, to The Chief Draughtsman, General 
Radiological Ltd., 15-18 Clipstone Street, London, 
W.1. W 1361 


DESIGNER (25/55 years) required by old-estab- 
lished firm of electrical component manufacturers 
in N.W. London. Applicants must possess sound 
knowledge of radio frequency circuits, pulse form- 
ing networks and experience in the electronic, 
radio and/or television industry would be an 


advantage. Superannuation scheme. Write 
Stating age, experience, and salary required to 
Personnel Manager, Box 3M S4588 K 


Advg., 212a Shaftesbury Avenue, W.C.2. W 3181 


DETAIL DRAUGHTSMAN required. Expari- 
ence with Service (Admiralty) standards an ad- 
vantage. Please state experience and salary re- 
quired to The Submerged Log Co. Ltd., Church 
Wharf, Chiswick, London, Wa. W 1356 
DEVELOPMENT ENGINEERS. A _ leading 
Manufacturer of Radio and Television Receivers 
has vacancies in its Laboratories for Electronic 
Engineers with experience in the Desi; and 
Development of this type of equipment. Situated 
in the Midlands. Salaries according to qualifi- 
cations and experience. Those interested should 
write, giving details of career and salary expected 
. cance Manager (Ref. GLB), Box No. 


DEVELOPMENT ENGINEERS. A _ medium- 
company, progressive and expanding, and now 
establishing mew works and laboratory near 
Sunbury-on-Thames, Middlesex, invite applica- 
tions from electronic engineers of HNC. or 
Degree standard with practical experience of 
development. Work is varied and conditions 
afford interest and scope for initiative with a pro- 
gressive salary and pension scheme. Interview 
expenses paid. Applicants please state brief 
details of training, age, and project experience. 
Box No. W 3248. 


DEVELOPMENT ENGINEERS: and = Techni- 
cians required in research department of a well- 
known firm of Precision Engineers, particularly 
for work in connexion with Servo Systems, 
Small Precision Motors, and Gyroscopic Instru- 
ments. Apply stating age, experience and salary 
required to S. G. Brown Ltd., Shakespeare 
Street, Watford, Herts. W 220 


DEVELOPMENT ENGINEERS required in de- 
partments covering the design and construction 
of high grade television transmission equipment 
and a wide range of electronic equipment. Good 
fundamental knowledge required and some prac- 
tical commercial experience desirab'e. Pension 

heme. Five-day week. Good canteen. Write 
Stating age, experience and salary required to 
Cinema-Television Limited, Worsley Bridge Road. 
Lower Sydenham, S.E.26. W 3259 


DRAUGHTSMEN: Vacancies for senior 
Draughtsmen with experience of Electronic and/ 
or Electro-mechanical engineering required, pre- 
ferably with experience of Ministry requirements. 


Excellent prospects with good commencing 
salaries; non-contributory Pension Scheme in 
operation. Applications will be treated in strict 


confidence and should give full chronological 
details of qualifications, experience and age to: 
John A. Smith Ltd., 24 Lichfield Street, 
Wolverhampton. W 201 


DRAUGHTSMEN experienced in broadcast radio 
and television are offered exceptional opportuni- 
ties with a firm of repute in the London area. 
Experience in production drawing or mechanical 
design would qualify for a very attractive starting 
salary. Applications, which will be treated in 
strict confidence, should give full details of ex- 
ee and should be addressed to Box No. 


E. K. COLE LIMITED (Malmesbury Division), 
The Malmesbury Division of E. K. Cole, is 
engaged in the development and production of 
radar and communication equipment associated 
with high priority defence projects. Vacancies 
exist in the Development Department for Project 
Engineers, Engineers and Assistant Engineers with 
training and ee in the following fields:— 
Pulse Circuits, Pulse Modulators, Strobe Systems, 
Video Amplifiers, Time Base Generators, etc. 
H.F. and V.H.F. Communication. Airborne and 
ground receivers, transmitters and Aerial Systems. 
Applicants should have had technical training to 
Degree or Higher National Certificate standard, 
and in the case of Project Engineers and 
Engineers appropriate technical design experience 
is necessary. Commencing salaries will be depen- 
dent on qualifications and experience, and will 
compare favourably with scales prevailing in the 
radio industry. A superannuation scheme is in 
operation. Applicants should apply in the first 
instance for a technical staff application form to 
Personnel Manager, E. K. Cole Ltd., Malmes- 
bury, Wilts. W 3250 


ELECTRICAL AND MECHANICAL ENGIN- 
EERS. Sunvic Controls Ltd. (a subsidiary of 
Metropolitan-Vickers Electrical Co. Ltd.) have the 
following vacancies in their new Development and 
Production Units at Harlow. 1. Graduate En- 
gineer with experience in design or development 
of electro-mechanical mechanisms and _ their 
application to instrument problems. 2. Graduate 
engineer with practical experience in the develop- 
ment of electronic equipment and preferably a 
knowledge of the latest development in pulse 
techniques. 3. Application engineer of degree 
standard with experience in the application of 
electronic techniques to industrial and process 
control problems. The above positions are per- 
manent and offer excellent prospects for pro- 
motion in a team engaged on the development 
and manufacture of a wide range of new in- 
struments. Salaries will be according to age and 
ability. The Company’s contributory pension 
scheme applies in all cases, and housing is avail- 
able if required. Reply in writing, giving full 
particulars of age, experience, qualifications and 
present situation, to Chief Engineer, Sunvic Con- 
trols Ltd., Harlow. Essex. W 209 


ELECTRONIC/ELECTRICAL Engineer required 
by London manufacturers of Radio Components 
to take charge of measurements laboratory and 
test gear design. Experience of measurements 
either capacitors, inductors or telecommunica- 
tion cables an advantage. Salary range £750 to 
£900. Company rapidly expanding. Write detai!s 
of experience, qualifications, age and present 
salary. Box No. W 3364 





ELECTRICAL/ELECTRONIC/RADIO ENGIN- 
EERS. A number of vacancies exist in the 
Design Organization of Vickers-Armstrongs 
Limited, Hursley Park, near Winchester. The 
work will include development, design and test- 
ing of latest specialized installations in Aircraft. 
Applicants with varying qualifications up to 
Degree standard are invited to apply. Sa'ary 
commensurate with experience and ability. Recom- 
mendation may be made for housing after quali- 
fying period. Apply:—Personnel Department, 
Vickers-Armstrongs Limited, Hursley Park, near 
Winchester. W 3129 





ELECTRONIC COMPONENT Manufacturers 
have vacancies for the following: Technical 
Assistants for Department with ability to corres- 
pond clearly, logically, and courteously on 
engineering and commercial subjects—knowledge 
of publicity and export advantageous. Technical 
Sales Representatives for London and South— 
must be car owners, but previous sales experience 
not necessarily essential. All posts are pension- 
able and permanent. All applicants must have 
sound engineering experience in radio. TV., and 
the general science of electronics. Write age, 
experience, salary. Box No. W 3336. 


ELECTRICAL LABORATORY ASSISTANT re- 
quired for experimental work and electrical meas- 
urements. Superannuation scheme. Write stating 
age, qualifications and/or experience and salary 
required to Personnel Manager, The Telegraph 
Condenser Co. Ltd.. North Acton, W.3. W 3258 
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ELECTRICAL ENGINEER or Physicist with an 
interest in electronics required for work in the 
Midlands on a number of interesting development 
projects concerned with the application of elec- 
trical and electronic techniques to industrial pro- 
cesses. Honours Degree is ‘desirable but not 
essential, particularly if candidates have already 
had several years’ experience in work of a similar 
nature. Box No. 4 


ELECTRO-MECHANICAL ENGINEERS, Senior 
(ref. EE/56) and Junior (ref. EE/57) required for 
interesting work on the laboratory ereperence 
and subsequent field trials of Guided Missiles. 
Applicants should have experience of one or more 
of the fol'owing:— Small pneumatic servos; 
gyroscopes; D.C. amplifiers; electro-mechanical 
instruments and pick-offs; preferably together 
with H.N.C. or equivalent (elec. or mech.). 
There are excelient prospects of advancement in 
this rapidly developing field which offers very 
good salaries and bonus. Pension Scheme. Apply, 
quoting reference above, to Assistant 
Manager, The Fairey Aviation Co. Ltd., Weapon 
Division, Heston Aerodrome, Hounslow, Middle- 
sex W 3285 


ELECTRONIC ENGINEER. An_ opportunity 
exists in the Guided Missile Section for an elec- 
tronic engineer to take control of small design 
group dealing with power production and 
utilization. Sound electronic knowledge essential 
and good background of electronic-mechanical 
and mechanical experience an undoubted advan- 
tage. Candidates should have practical experience 
of commercial electronic design and manufacture 
A degree is not essential. Work is interesting and 
varied, working conditions good and prospects 
excellent. Write in detail, quoting Ref. 14 to:— 
The Personnel Manager (Technical Employment), 
de Havilland Propellers Ltd., Hatfield, 3 


ELECTRONIC ENGINEERS required for a new 
Research Project on Automation of Machine 
Tools, at a large Midland factory. There are 
excellent prospects for enthusiastic and capable 
men. Commencing salary £600-£800 per annum. 

Box No. W 1347. 


ELECTRONIC ENGINEER required in the 
Coil and Filter Laboratory of Mullard Equipment 
Ltd., 51/55 Garratt Lane, S.W.18. Tel.: VAN- 
dyke 2321, to work on the design and develop- 
ment of filters, coils and wide-band transformers. 
Applications, which should reach the Personnel 

cer, will be considered from graduates in 
Electrical or Communications Engineering or 
Physics and from those possessing H.N.C. who 
have had at least one year’s experience in a 
laboratory or test department and, if_ possible, 
have a knowledge of filter design. The salary 
offered will not be less than £700 per A 





ELECTRONIC ENGINEERING. Patents Assist- 
ant. Ferranti Ltd., Hollinwood, Lancs, have a 
vacancy for a technical assistant in their Patents 
Department. Previous experience of patent work 
is not necessary but particular interest in and 
aptitude for it is essential as the successful 
candidate would be expected to qualify as a 
Patent Agent in due course. Applicants should 
have a degree in Electrical Engineering or 
Physics with special emphasis on electronics, and 
should preferably be between 25 and 30 years 
of age. Permanent staff appointment with Pen- 
sion benefits. Applications forms from Mr. 
T. J. Lunt, Staff Manager, Ferranti Ltd., Hollin- 
wood, Lancs. Please quote reference PD. W 3260 





ELECTRONIC DIGITAL COMPUTERS, men 
about to leave the armed forces with experience 
of Radar maintenance are invited to apply for 
posts now vacant, due to expansion, on this new 
and interesting type of engineering. Previous ex- 
perience on this equipment is not essential since 
training on full salary will be provided at Marconi 
College to those people who lack the necessary 
“know how’ but possess the interest and en- 
thusiasm for this type of work. Please apply in 
writing to Dept. C.P.S., 336/7 Strand, W.C.2, 
quoting Ref. No. 1353D. W 3131 








CLASSIFIED ANNOUNCEMENTS 
continued on page 8 
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In instrument and electronic engineering, progress must 
often depend on the availability of a material having 


precisely the properties required. An important Johnson 
ELECTRODEPOSITED Matthey service in this field—and one that very frequently 


M has proved the only solution to a design problem—is the 
electrodeposition of rhodium, which provides a truly unique 
combination of surface characteristics. A “top” secret, 


Great hardness and resistance ¢o wear this, that is becoming increasingly widely known. 


Complete resistance to corrosion 
High and constant reflectivity One of the’Specialised Services of —— on ne 


Publication 1855 ‘Rhodium Plating and its Modern Applications’ is free on request. 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.! 
Telephone : HOLborn 6989. Vittoria Street, Birmingham, |. Tel: Central 8004. 75-79 Eyre Street, Sheffield, |. Tel: 29212 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





ELECTRONIC ENGINEER for research and 
development, required by Engineering Concern of 
world-wide renown, Birmingham. University 
degree or equivalent with some experience in 
pulse techniques, high oy counting and digital 
computer principles. appointment offers 
good prospects and conditions. Apply with full 
details of qualifications and appointments held, 
age and salary desired to Box No. W 3366. 


E.M.I. ENGINEERING Development Ltd., in- 
vite applications from Senior Development 
Engineers to take responsible positions on the 
technical staff of the Company for work in the 
following fields:— (a) Circuit Development, in- 
cluding the investigation of methods of Klystron 
modulation outside the micro-wave region. (b) 
Engineering experimental units to withstand diffi- 
cult environments. (c) Design of Laboratory test 
gear, particularly for use in the field. Vacan- 
cies also exist for>engineers with more limited 
experience. The posts are pensionable and 
carry excellent salaries and prospects. Appli- 
cants should write full details to Personnel Dept. 





(ED/217), E.M.I. Eng. Dev. Ltd., Hayes, 
Middlesex. W 3296 
E.M.I. ENGINEERING Development  Ltd., 


Commercial Electronics. Exceptionally interest- 
ing vacancy exists for a Development Engineer 
in a team designing automatic control system 
for application to machine tools. Applicants 
should have a thorough engineering training with 
an interest. and experience in servo systems and 
their design. The post carries good starting sal- 
ary and opportunity for initiative. Please write 
in confidence, with full details, to Personne) 





Dept. (ED;244), E.M.I Eng. Dev. Ltd., Hayes. 
Middlesex. W 3297 
ELLIOTT BROS. (London) Ltd., Servo-Com- 


ponents Division. The growth of the newly 
formed Servo-Components Division of Elliott 
Bros. (London) Ltd., creates openings for the 
following positions:— (1) A Senior Engineer to 
be responsible to the Chief Engineer and to lead 
a team concerned with the development of 
electro-mechanical and hydraulic servo-com- 
ponents. Newly built laboratories are being 
equipped for the investigation of improved 
system techniques and the design of components 
to fulfil both Commercial and Service require- 
ments. Applicants must possess an honours 
degree or equivalent and must have a sound 
knowledge of servo-systems and the design of 
components for quantity production. (2) 
Development Engineer to undertake detailed ex- 
perimetal and development work on _ servo 
systems and components. Applicants should 
possess a good University degree or the equiva- 
lent experience. (3) Senior Product Designer for 
small precision electro-mechanical components. 
This person will be required to take charge of 
a team of Designers and Draughtsmen engaged 
on the production design of advanced servo- 
components. Approximately 5 years’ experience 
with modern material and production techniques 
in this class of work is necessary and familiarity 
with modern material and production techniques 
is essential. Applications for the above position 
giving full particulars of age, education, experi- 
ence and salary expected to Personnel Officer, 
Elliott Bros. (London) Ltd., Century Works, 
Lewisham, S.E. 13, W 3311 





ELECTRONIC ENGINEERS. Marconi’s Wire- 
less Telegraph Company Limited, Chelmsford, 
are expanding their activities in the field of black 
white and colour television. There are openings 
for both Junior and Senior Engineers and 
Physicists for work in connexion with the develop- 
ment of cameras, transmitters, telecine and 
associated equipment. These appointments offer 
excellent opportunities for promotion to suit- 





able applicants. Please apply, quoting Ref. 

2220B to Dept. C.P.S. 36/7 Strand, teh 
W 3318 

ENGINEERS AND _ PHYSICISTS.  Ferranti 


Limited in their new Laboratories are engaged in 
a programme of electronic development of great 
industrial importance. The work involves the use 
of digital computers to control machines and in- 
dustrial processes and covers a wide and expand- 
ing field of application, offering long-term 
interest to those engaged in it. Development 
activity for these projects is taking place in the 
field of electronic circuitry (including pulse tech- 
nique), digital computers, magnetic recording and 
servomechanisms. Engineers and Physicists 
having experience as well as interest in one or 
more of these subjects are invited to apply. The 
appointments are permanent and offer full scope 
for initiative in an expanding organization. A 
salary commensurate with the qualifications re- 
quired will be paid. Staff Pension Scheme. 
Application Form will be sent on request (auot- 
ing Ref.: EP/AL) to the Personnel Officer, 
Ferranti Limited, Ferry Road, Edinburgh, 5. 
W 3225 


ENGINEER with electrical or physicist degree 
required for development work on testing equip- 
ment for telecommunication cables. Perma- 
nent and pensionable position at salary commen- 
surate with experience and qualifications. Please 
apply, giving full particulars to Personnel Officer, 
Southern United Telephone Cables Ltd., Dagen- 
ham Dock, Essex. W 1316 


EXCEPTIONAL OPPORTUNITY. Qualified and 
experienced Radio Engineer required to lead a 
group in development of Microwave Communi- 
cations Systems and Equipment. Wel!-equipped 
laboratories in Southern Counties. Commenc- 
ing salary £1,500 to £1,750. Pension Fund. 
Apply Box No. 734, Dorland Advertising Ltd.. 
18-20 Regent Street, S.W.1. W 3313 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, wirer 
and assemblers for Factory Test aeeersens. Apply 
Personnel Manager, E. K. Cole Ltd., Ekco 
Works, Malmesbury, Wilts. WwW 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit designers and equipment engineers to work 
on nucleonic instruments, and interesting new 
developments in electronic computing and switch- 
ing; both senior and junior posts are available. 
Applicants shou'd have a degree or equivalent 
plus several years’ experience of = work 
for the senior posts; correspondingly reduced 
qualifications and experience will be accepted for 
junior posts. Salaries will be in accordance with 
age, qualifications and experience. Applications, 
giving detai's of age, academic or other training 
and qualifications, experience, and starting salary 
required, should be sent to the Personnel Officer, 
Ericsson Telephones Ltd., Beeston, a. 





EXPERIENCED ENGINEERS are invited to 
apply for a position where energy, initiative and 
skill will be well rewarded. The work relates to 
the development of television circuits, and the 
design of components for large scale production. 
Experience of television receiver design is re- 
quired in respect to means of scanning and focus- 
ing of the design of R.F. and I.F. circuits. The 
position is a permanent one which offers scope 
for advancement to a senior position. The 
commencing salary will be in accordance with 
experience, based on a generous and progressive 
scale. Write, giving full personal particulars to 
the Personnel Manager, The Plessey Company 
Limited, Ilford, Essex. W 3299 
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ENGINEERS and Engineering Draughtsmen for 
new department. The work is concerned with 
the development and design of high performance 
closed-loop systems. Electrical Engineers for 
circuit development work on electronic, magnetic, 
and transistor amplifiers as used in high perform- 
ance servo mechanisms and regulators. A good 
Degree and experience in this field is desirable, 
but not essential. For the more junior positions 
a Higher National Certificate in electrical or elec- 
tronic engineering is satisfactory. Electrical En- 
gineers for control circuit design on closed-loop 
systems employing electronic and magnetic ampli- 
fiers used in conjunction with electric and 
hydraulic machinery. A good general engineer- 
ing background is desirable as these positions 
include design, co-ordination, and the preparation 
of specifications. Qualifications required are 
engineering Degree, and/or corporate membership 
of the Institute of Electrical Engineers, although 
electrical engineering Higher National Certificate 
or equivalent is satisfactory for the more junior 
posts. Mechanical Engineers for:— (1) Work on 
design of precision gear boxes in which clase 
control of backlash and high mechanical stiffness 
is important. (2) Work on design of small elec- 
tro-mechanical devices including sliprings, con- 
trollers, and small precision gear boxes. (3) 


- Work on design of large structures supporting 


rotating masses and electrical control gear and 
associated power drives. The important design 
parameters are the maintenance of high struc- 
tural stiffness and low weight. Qualifications 
for mechanical engineers are mechanical engin- 
eering Degree, and/or corporate membership of 
the Institute of Mechanical Engineers, although 
for more junior posts mechanical Higher National 
Certificate or equivalent would be acceptable. 
Engineering Draughtsmen for layout and detail 
work for duties in connexion with the mechanical 
design of amplifiers and control cubicles. Pre- 
vious experience in this field is not essential. 
Qualifications required are Ordinary National 
Certificate, Higher National Certificate or equiva- 
lent. Mechanical Diagram Draughtsmen for 
schematic detail and cable diagram work on 
amplifiers and control systems. Previous experi- 
ence on diagram work is desirable and technical 
training should be up to Ordinary National Cer- 
tificate standard, but preference will be given to 
candidates holding Higher National Certificates 
or equivalent. Mechanical Design Draughtsmen. 
Men with good experience for layout and detail 
work in connexion with design of mechanical 
structures, gear boxes, and light electro-mechanical 
devices. Qualifications: Higher National Certifi- 
cate in mechanical engineering or equivalent will 
be considered. All these posts are permanent and 
pensionable. Write for application form to:— 
The Personnel Manager, Méetropolitan-Vickers 
Electrical Co. Ltd., Trafford Park, Manchester, 
17. Mark envelope ‘‘E.2’’. W 3191 





FERRANTI LTD. Moston, Manchester, have a 
number of vacancies in their Computer Depart- 
ment arising out of the continuing progress of 
this new and important part of the Ferranti 
organization. They are as follows:— (1) Electrical 
Engineers and Physicists for design groups con- 
cerned with all aspects of electronic computing 
systems including circuitry, storage systems, 
visual displays, etc., and for basic research on 
new techniques. (2). Mechanical Engineer to be 
concerned with design — arising from the 
high speed rotation of discs and cylinders and 
possessing a sound knowledge of the problems 
arisii in such structures due to heating and 
centrifugal effects and with high-precision work 
involved in overcoming bearing and balancing 
problems. A knowledge of small motor design 
would be an asset. (3). Magnetic Recording 
Engineer for investigations into special recording 
heads and magnetic coatings. (4) Electrical 
Engineer for investigations into special power 
suppies and methods of speed control for mag- 
netic drums for the design of synchronizing cir- 
cuits in co-operation with Computer Circuit 
Engineers. Permanent staff appointments with 
Pension benefits. Application forms from Mr. 
T. J. Lunt, Staff Manager, Ferranti Ltd., Hollin- 


wood, Lancs. Please quote reference CD (M) 
1, 2, 3 or 4. W 3282 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





ELECTRONIC ENGINEER with good know- 
ledge of H.F. measurements and interference 
suppression required for work in connexion with 
measurement of radio and television interference. 
Superannuation scheme. Write giving full details 
of age, qualifications, experience and salary re- 
quired to Personnel Manager, The Telegraph 
Condenser Co. Ltd.. North Acton, W.3. W 3257 


FERRANTI LTD., EDINBURGH, have a vac- 
ancy for an Electronic Engineer in the capacit 
of a Technical Author to prepare techaical, 
operational and maintenance publications. Appli- 
cants should have qualifications to degree stan- 
dard. Technical Authors join the design engineers, 
participate in field trials and assist with service 
introduction in order that they may have a full 
understanding of the design and operational use 
of the system on which they are preparing a 
publication, irrespective of whether this system 
is ground, airborne, or seaborne. Authors are 
responsible for the entire publication, ensuring 
that the appropriate illustrations, artists’ impres- 
sions and line drawings are prepared. ~:~ 
tions, quoting Ref. /23/TA/TID, should be 
addressed to the Personnel Officer, Ferranti Ltd., 
Ferry Road, Edinburgh, 5. W 3324 





. 
FERRANTI LIMITED, Edinburgh. Engineers. 
Applications are invited for positions in our 
Production organization which is engaged in the 
manufacture of precision electromechanical/ 
electronic equipment. Applicants should hold a 
Degree or Diploma in Electrical Engineering. 
Mechanical Engineering or equivalent, but con- 
sideration will be given to applicants holding a 
H.N.C. in Engineering and who have completed 
an engineering apprenticeship. The vacancies are 
for:— (A) Engineers to work on the application 
of computer-controlled machine tools with 
reference to the utilization of these in a produc- 
tion organization, investigation into the material 
handling, setting, jigging and fixing methods to 
be employed with such machines. (B) Project 
Engineers to take charge of the complete manu- 
facture of complex electromechanical/electronic 
equipment—experience in production operations is 
essential in this case. (C) Technical Project 
Engineers who do not possess the necessary prac- 
tical experience for (B) but have a flair for pro- 
duction matters and who would act as technicat 
assistants to the Project Engineers in the first 
instance with a view to promotion to Project 
Engineers in due course. Salary according w 
age, qualifications and experience. Staff Pension 
Scheme. Ideal working conditions in modern 
factory furnished with the most modern equip- 
ment. Please address full details of technical 
qualifications, age and experience and stating post 
applied for to the Personnel Officer, Ferranti 
Limited, Ferry Road, Edinburgh, quoting ref.: 
23/FE. W 3182 





FERRANTI LTD., Manchester, have vacancies 
in their Electronics Department for graduates 
and holders of Higher National Certificates in 
me or Electrical Engineering for work in the 
following fields. (1) Colour Television, including 
the development of both colour cathode-ray 
tubes and associated circuitry. PDH (a). (2) 
Cathode-Ray Tubes for special purposes includ- 
ing high-speed tubes and flying-spot scanners for 
film-recording and transmission. PDH  (b). 
(3) Semi-Conductor research and development 
PDH (c). (4) Electro-Luminescence—a new and 
interesting field of research with its ible 
application to light amplification and television. 
PDH (d). (5) Micro-Wave Engineering PDH 
(ce). (6) High-Voltage phenomena in relation to 
electronic devices. PDH These vacancies 
arise from a considerable expansion of the 
Ferranti Electronics Department. Previous ex- 
rience of work in above fields is not essential 
or all vacancies. Permanent staff appointments 
with Pensionable benefits. Application forms 
r. T. J. Lunt, Staff Manager, Ferranti 

Ltd.. Hollinwood, Lancs. Please quote reference 
PDH (a), (b), (c), (d), (©), or (A. W 3330 
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FERRANTI LTD., London Computer Labora- 
tory Radio Mechanics and Wiremen are urgently 
required for interesting work on the develop- 
ment and assembly of prototype Electronic Com- 
puters and Allied Equipment. Good rates of pay 
and excellent working conditions. Lunch voucher 


scheme. Write for application form to 18 Man- 
chester Street, London, W.1. W 3328 
FERRANTI LTD., Moston, Manchester, have 


the following urgent requirements for Technical 
Assistants in their Physical Laboratory in con- 
nexion with the development of Cathode-Ray 
Tubes, including tubes for Co!our Television and 
for associated projects. 1. Graduate in Physics 
or General Science for work on Colorimetry and 
Photometry. 2. Higher National Certificate can- 
didate with an interest in Radio or Television 
circuitry. Permanent staff appointments with 
Pension benefits. Application forms from Mr. 
T. J. Lunt, Staff Manager, Ferranti Ltd., Hollin- 


wood, Lancs, Please quote reference JAD (1) 
or (2). W 3329 
FERRANTI ELECTRONIC COMPUTERS. 


Interesting posts are immediately available in con- 
nexion with the installation and post-installation 
service of a new series of electronic digital com- 
puters. Candidates should possess a Degree or 
Higher National Certificate in Electrical Engineer- 
ing, and be willing to travel to any part of the 
world or to be based anywhere in this country. 
Suitable allowances are made for expenses. The 
appointments are to the permanent staff of this 
new and expanding Ferranti department. The 
Company operates a Staff Pension Scheme. Appli- 
cation forms from Mr. T. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. Please quote 
reference DCM. W 3239 





GENERAL ELECTRICAL Engineer with theore- 
tical knowledge and practical experience in Noise 
Measurement and/or Electronic Instrumentation 
for work on design and development of instru- 
ments required for Diesel Engine Research. 
Salary according to qualifications and experience. 
Apply, stating age and experience in chronologi- 
cal order to Personnel Manager, F. Perkins Ltd., 
Eastfield Factory, Peterborough. W 3335 


GOOD OPPORTUNITIES for Engineers with 
knowledge of high frequency cables and/or tele- 


vision in the design department of a firm 
developing wire broadcasting systems near 
London. 


Write giving full details of experience 
and salary required. Box No. W 1359. 


GRADUATE ELECTRONIC ENGINEERS, are 
required by Ferranti Limited, Edinburgh, for 
technical duties related to the production of 
Radar Equipment. Previous Radar experience 
is desirable. Consideration will also be given to 
non-Graduates with equivalent qualifications and 
experience. Replies should be addressed to the 
Personnal Officer, Ferranti Limited, Ferry Road. 
Edinburgh 5, quoting Ref. E.37/EL. W 3152 


GUIDED WEAPONS. Engineers required for 
interesting Test and Development work on G.W. 
Hydraulic Servos as follows:— Senior Engineers 
with H.N.C. or equivalent in Electrical or 
Mechanical Engineering for work in Laboratory 
and on trials. Test Engineers with O.N.C. or 
equivalent. Experienced in Electro Hydraulic 
Servo and the handling of Electrical and Test 
equipment. Applications giving full details should 
be addressed to the Personnel Manager, British 
Messier Limited, Cheltenham Road, aes git 





HIGH VOLTAGE ENGINEERS and Physicists 
required by the Nelson Research Laboratories, 
The English Electric Co. Ltd., Stafford. Prefer- 
ence will be given to applicants with an Honours 
Degree. Salary according to experience and 
qualifications. App!y Dept. C.P.S., 336/7 Strand, 
W.C.2, quoting Ref.: 229D. W 3179 





HONOURS graduates in Physics or Electrical 
Engineering are required for advanced work in 
a Quartz Crystal Laboratory situated in the 
South of England. The positions offered afford 
excellent opportunities for men and women to 
specialize in the study of piezoelectric materials 
from toth the theoretical and practical view- 
points. An interest in mathematics and elec- 
tronics would be an advantage for this work. 
Living accommodation, for single or married 
persons, could be made available. Write Box 
WU2128 A.K. Advg., 212a Shaftesbury Avenue, 
London, W.C.2. W 3344 
HONOURS graduate in Physics or Electrical 
Engineering is required to work in a laboratory 
engaged in research and development on fre- 
quency control problems relating to communi- 
cation systems. The position, which is in the 
South of England, is open to men and women 
and affords excellent opportunities for detailed 
study of the theoretical and practical aspects of 
the subjects. Living accommodation, for single 
or married persons, could be made available. 
Write Box WU2142 A.K. Advg., 212a Shaftes- 
bury Avenue, London, W.C.2. W 3342 
LABORATORY ASSISTANT required by Simms 
Motor Units Ltd., for the research and develop- 
ment of electronic and electro-mechanical mech- 
anisms associated with the commercial vehicle 
industry. HN.C. or equivalent standard. Apply 
by letter stating age, qualifications and experi- 
ence to Personnel Manager, Simms Motor Units 
Ltd., Oak Lane, Finchley, N.2. W 1362 
LABORATORY TECHNICIANS required for 
development work in connexion with an_interest- 
ing range of electronic equipment, including com- 
munications, computers, transistors, and measur- 
ing and test apparatus. Applicants should have, 
as a minimum, the Ordinary National Certificate 
or appropriate C. and G. Certificates, and in 
addition, several years’ experience in the manner 
of operation,- construction and testing of elec- 
tronic or other light current equipment. Appli- 
cants with shorter experience but in possession 
of Higher National Certificates in Radio or other 
light current subjects will be considered. These 
posts carry attractive salaries and conditions of 
employment including Pension and Life Assur- 
ance Scheme. Five-day week. Apply. Mr. G. S. 
Taylor, Personnel Officer. Mullard Research 
Laboratories, Cross Oak Lane, Salfords. near 
Redhill, Surrey. Ww 3322 
LOUIS NEWMARK LTD. have vacancies in 
their expanding laboratories for Young Engineers 
with inter. B.Sc., H.N.C. or Degree and some 
experience in electronics for work on automatic 
pilots and other electronic devices. Good salary 
and prospects. Apply: Personnel Officer, Louis 
Newmark Ltd., Prefect Works, Purley Way. 
Croydon, Surrey. W 3307 





MARINE Radar and Communication equipment. 
Marconi’s Wireless Telegraph Company Limited, 
Chelmsford, have vacancies in their Development 
laboratories for both Junior and Senior Engineers 
and Physicists for interesting work in the above 
field. The appointments are permanent and pen- 
sionable and offer excellent prospects for promo- 
tion in this world-famous organization. Please 
app'y, quoting ref. no. 2140A, to Dept. C.P.S. 
336/7 Strand, W.C.2. W 3319 








MICROWAVES. A specialized Engineer is re- 
guired for design and development of Microwave 
Transmitters, Receivers and Test Gear. Appli- 
cants should have University Degree or equiva- 
lent qualifications together with considerable ex- 

rience. A four figure salary is envisaged. 
Routing is available to approved applicants from 
the Greater London area. Racal Engineering 
Limited, Bracknell, Berkshire. W 1351 
McMICHAEL RADIO LTD., Slough. Bucks, 
have vacancies from time to_time for Electronic 
Engineers to be engaged on Government projects. 
Those wishing to be considered are invited to 
write fully to the Chief Engineer, Roreres 
Division. 205 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


PYE LIMITED, Radio Works, Cambridge, invites 
applications for positions as Technical Authors 
and Illustrators for the compilance of Mainten- 
ance Handbooks dealing with radio equipment. 
Applicants must possess command of English and 
some technical knowledge. Applications — in 
writing to Assistant Personnel Officer. W 3232 


PIRELLI GENERAL Cable Works Ltd., require 
for service in their Eastleigh Works a mechanical 
for development work on mechanical 





MURPHY RADIO have a vacancy for a Radar 
Mechanic for liaison work with the Services in 
connexion with Navigational Aids. Applicants 
should have experience in maintenance and test- 
ing of both ground and airborne equipment of 
this type. The work will based on Welwyn 
but will involve travelling to sites where equip- 
ment is to be installed and used. Apply in writ- 
ing to Personnel Department (RM), Murphy 
Radio Limited, Welwyn Garden City, 7. 
3362 





MULLARD RESEARCH LABORATORIES in- 
vites applications from Honours Graduates to 
carry out research and development on the app‘i- 
cation of new magnetic materials to computers. 
Initially, the work will be concerned with digital 
storage and information-handling devices incor- 
porating ferrite cores. Post-graduate experience 
in either computer techniques, transistors or 
magnetic devices would be an advantage. The 
work calls for a high degree of individual res- 
ponsibility and there is great scope for initiative 
and inventiveness. Publication of results will be 
encouraged. Salaries are based on qualifications, 
experience and age, and are in keeping with 
present-day levels. General prospects within the 
organization are excellent. Applications to Mr. 
G. A. Taylor, Personnel Manager, Mullard 
Research Laboratories, Cross Oak Lane, Salfords, 
near Redhill, Surrey, quoting reference E.R.L. 
W 3188 





MICROWAVE ENGINEERS are required by 
Decca Radar Limited for work on advanced 
microwave and millimetric aerial design in a 
rapidly expanding Aerial Group. Applications 
are invited from _ Electrical Engineers and 
Physicists of H.N.C. standard or above, having 
practical experience in microwave components; 
the prospects for men of ability are consider- 
able. There is a pension scheme in operation. 
British. Nationality essential. Please write, quot- 
ing reference RLA 108, to Decca Radar Limited, 
2 Tolworth Rise, Surbiton, Surrey. 91 





PHILIPS BALHAM WORKS Ltd., 45 Nightin- 
gale Lane, London, S.W.12 require Graduate, in 
Electrical Engineering or Physics for development 
of nucleonic and scientific instruments prefer- 
ably with experiece in electronics. Permanent 
appointment with excellent prospects. Pension 
scheme. Applications should be addressed to 
the Personnel Officer. W 3351 


PHYSICISTS and Electrical Engineers are re- 
quired for advanced work in a research labora- 
tory on the outskirts of London dealing with 
ultrasonic vibrations in elastic media. » or 
women applying for the posts must have an 
Honours gree, and preferably should have 
studied mathematics to a post graduate stage 
The work involved is of a great interest, and 
ready promotion is available to the person havy- 
ing the necessary ability. Housing accommoda- 
tion could made available to the successful 
applicant. Write Box WU2114 A.K. Advg., 212a 
Shaftesbury Avenue, London, W.C.2. W 3345 


PYE TELECOMMUNICATIONS Lid., Ditton 
Works, Cambridge, offer excellent opportunities 
for junior and senior Development Engineers in 
the electronics and communications field. Duties 
include development work on H.F., V.HF., 
microwave and recording equipments. Applica- 
tions are e¢s _ welcomed from persons 
possessing B.Sc., Higher National or Ordinary 
National Certificates. Good facilities are avail- 
able, however, to keen young men wishing to 
train and study in these fields. Pleasant working 
conditions in modern factory. Single accommo- 
dation available. Write, giving fullest details to 
Personnel Manager. W 3144 
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and hydraulic mechanisms. Some knowledge of 
closed-circuit servo-control systems desirable but 
not absolutely essential. Progressive post for 
man aged between 25 and 35 possessing ability 
and initiative. Apply, by letter only, stating age, 
qualifications, experience and salary required to 
Works Manager, Eastleigh, Hants. 136' 


QUALIFIED ELECTRONIC ENGINEERS ur- 

gently required for the Research Division of a 

prominent North London Company. Applicants 

should possess initiative and be accustomed to 

‘ . degree of responsibility. Write Box No. 
87. 





RADIO & TELEVISION ENGINEERS. First- 
class openings for experienced television engineers 
and senior design draughtsmen, will shortly 
become available with a firm of repute in the 
London area. Engineers ab'e to undertake 
immediately development work on _ broadcast 
radio and television apparatus would be offered 
an attractive salary. The successful candidate 
will be eligible for company superannuation and 
insurance scheme. Pease reply, giving full 
details of experience to Box No. W 3300. 





RADAR DEVELOPMENT. Engineers required 
for Research Laboratories situated at Dunmow, 

sex. The work is of an interesting and varied 
nature concerning sea and air navigational pro- 
jects and involves occasional trials. Recent ex- 
perience in a similar or associated field of elec- 
tronics is required, together with a_ technical 
background, preferably of at least Higher 
National Certificate standard. Salaries are in 
accordance with experience and qualifications but 
are based on a generous scale. The positions 
are permanent and favourable pension and 
payment during illness arrangements, etc., are in 
operation. There is ample scope within an ex- 
panding organization for personnel who are 
progressive and able to use their own initiative. 
Applications, which can be made in strict confi- 
dence, should include details of age, qualifica- 
tions, experience and salary required, and be 
addressed to The Personnel Manager, Kelvin & 
Hughes Ltd., New North Road, Barkingside, 
Essex. W 3227 


RADIO & ALLIED Industries Ltd., have an 
immediate vacancy for a Senior Development 
Engineer. Excellent prospects and opportunities 
for advancement. The Personnel Manager, 
Radio & Allied Industries Limited, Hirwaun 
Industrial Estate, Aberdare, Glam. W 1364 


R. B. PULLIN & COMPANY Ltd., invite appli- 
cations for the following vacancies in their 
recently formed and expanding Electronic 
Development Division: (a) nior Development 
Engineer. App'icants should possess an Honours 
Degree or equivalent qualifications, and should 
have had several years’ experience of the 
development of electronic circuits, preferably 
including work on electrical servos and magnetic 
amplifiers. (b) Junior development engineer. 
Qualifications to O.N.C. or H.N.C. standard 
together with some previous experience of valve 
circuit design. The positions are of a permanent 
nature; they offer excellent prospects and the 
opportunity to work in a newly equipped Labora- 
tory on a variety of projects requiring consider- 
able individual technical responsibility and initia- 
tive. A commensurate salary wi'l be paid. Con- 
tributory msion scheme, canteen and recrea- 
tional facilities. Applications will be treated as 
confidential. and should be made to the Super- 
intendent Electronic Development Division, R. B. 
Pullin & Company Ltd., Phoenix Works, G-eat 
West Road, Brentford, Middlesex. W 3132 


RECEIVER DESIGN ENGINEER, with experi- 
ence in high grade communication type equi 

ment including recent advanced techniques in 
SS.B., F.S.K., etc. This is a Senior = in- 
volving team leadership. A University gree / 
A.M.I.E.E. or equivalent qualifications is essen- 
tial together with proved experience. Housing 
will be available to approved applicants from 
the Greater London area. Racal Engineering 
Limited, Bracknell, Berkshire. W 1352 
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RELAY compact required, preferably 
experienced with type relays. Good 
wages and overtime. Excellent prospects for 
advancement. Please apply Keyswitch Co., 126 
Kensal Road, W.10. W 3370 


setters 


SALES ASSISTANT. O!'d established British 
company in Bangkok requires Sales Assistant for 
department handling Radio, Cinema, TV. and 
associated items. Age 23-27. Good education. 
Sales experience more important than technical 
competence. Write Box ‘‘MA/152’’, c/o 95 
Bishopsgate, E C.2. W 3303 


SALES CORRESPONDENT required by The 
Telegraph Condenser Co. Ltd., North Acton, 
W.3. Applicants must be experienced in con- 
ducting semi-technical correspondence, submit- 
ting quotations and_ generally dealing with 
customers. Knowledge of electrical/radio in- 
dustry an advantage but not essential. Super- 
annuation scheme up to 55 years of age. ri 
giving full details of experience, age and salary 
required to Personnel Manager, T.C.C. Ltd., 
North Acton, W.3 W 3348 


SALES. Electrical Relay Manufacturers, mem- 
bers of large industrial group, wish to engage a 
really competent man to handle top level sales 
activities. Write in first instance stating full 
qualifications to Managing Director, n & 
Robinson Limited, Harlow. Essex. W 1354 


SALES ENGINEER required for Components 
Sales Division. Age limits 25-35. Qualifications 
equivalent to H.N.C. (Electrical) Selling or Cor 

mercial experience desirable but not essential. 
Applicants must be willing to travel. Write 
Personnel Manager, Telephone Manufacturing 
Co. Ltd.. Sevenoaks Way, St. Mary eae 


SCIENTIFIC INFORMATION. A __eresearch 
laboratory on the outskirts of London is setting 
up a section for the collection of information 
on a wide variety of subjects. Applications are 
required from Graduates in Science (physics and 
mathematics for this post, which offers great 
scope for the man or woman in charge of the 
work). Housing accommodation could be made 
available to the successful applicant. Write Box 
WU2100 A.K. Advg., 212a ftesbury Avenue, 
London, W.C.2. W 3343 





SENIOR and Junior design draughtsmen required 
for interesting work in connexion with electronic 
equipment, commercial radio and television and/ 
or light electro-mechanical engineering. London 
area. The positions vacant offer ample scope and 
opportunity for further advancement to men of 
good ability. A high salary will be paid to the 
selected candidates. All recognized staff privi- 
leges available. Please reply, giving full details 
of experience to Box No. W 3279. 





SENIOR and Junior Draughtsmen. The Plessey 
Company has several vacancies for draughtsmen 
in all grades in the electronic instruments labora- 
tory. Considerable opportunities exist for original 
work in the following fields:— digital computers, 
guided missile development, atomic energy instru- 
mentation and precision instrument development. 
Good salaries will be offered to suitable candi- 
dates and will be reviewed after three months. 
Due to continued expansion, prospects of pro- 
motion are most favourable. Further details may 
be obtained by writing to the Personnel Manager, 
The Plessey Company Limited, Vicarage Lane, 
Ilford, Essex, quoting reference I a 





SENIOR ENGINEERS. Vacancies exist with an 
expanding Company near London for Senior 
Development Engineers, to be responsible for 
projects associated with industrial electronic 
control and the development of electronic test 
and communication equipment. These are staff 
appointments with pension and hospital schemes, 
and salaries up to £1,200 will be paid to suitably 
= and experienced applicants. Box No. 
W 3368. 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





SENIOR ENGINEER. A_ senior electronic 
engineer with experience in the field of servo- 
mechanisms is required for a new project con- 
cerning the study of instrument servo-controls. 
Considerable scope is offered for original work 
and the selected candidate will be expected to 
proceed with minimum supervision. Work will 
commence on this project in approximately two 
months’ time, in one of the company’s new 
laboratories. A commencing salary in the range 
of £900-£1,200 is contemplated, and will be 
reviewed after three months. Further details may 
be obtained by writing to The Personne! Manager, 
The Plessey Company Limited, Vicarage Lane, 
Ilford, Essex, quoting reference 620/CAB/5421. 
All inquiries will be treated in the strictest con- 
fidence. W 3274 





SENIOR ELECTRONIC ENGINEER required 
for the development of a new project ancilliary 
to the commercial use of large scale electronic 
computers in the Leo project of J. Lyons & Co. 
Ltd. The starting salary will be in the range of 
£800 to £1,000 according to qualifications and 
experience. Write giving full details to Control 
Office, Cadby Hall, London, W.14. W 3267 


STANDARD TELEPHONES & Cables Ltd., 
North Woolwich, London, E.16, require Engineer 
to work on the development of a wide variety 
of high frequency and audio testing equipment 
in a telecommunications laboratory associated 
with the design of telephone and _ television 
cables. The laboratory is small but very well 
equipped with ready access to all the facilities 
of a large organization. Applicants should be 
of University Degree standard and some elec- 
tronic experience is desirable. Write stating age, 
qualifications and salary required to Personnel 
Manager. W 3340 





SIEMENS BROTHERS & CO. LTD., Research 
Laboratories at Blackheath and Woolwich. Senior 
and Assistant Engineers for research and advanced 
development work in electronics and Telecom- 
munications including. (a) Transistor applications, 
(b) Electronic Switching and Computing, (c) Elec- 
tro-acoustics. Applicants with any of the fol- 
lowing qualifications will be considered:— (i) 
Degree in Physics or Electrical Engineering with 
some previous experience. (ii) Recent and pros- 
pective Graduates. (iii) A.M.I.E.E. (iv) HNC. 
Electrical or Telecom. Engineering. (v) Techni- 
cians having lower qualifications but with prac- 
tical experience All are _——— staff posts 
with excellent prospects of advancement. Apply 
to Siemens Brothers & Co. Ltd. Ref. 744/17, 
Woolwich, S.E.18, stating age, educational quali- 
fications, experience and salary required. W 3323 





SENIOR METHODS ENGINEER required by a 
Large and Progressive Engineering Company 
situated in the London area. Applications are 
invited from men with good engineering qualifi- 
cations and experience in the manufacture of 
Radio, Television and Services equipment. The 
accepted candidate will have extensive experience 
of this ciass of work and be acquainted with the 
most up-to-date production methods, including 
work study and standard costs. For a man with 
the required knowledge, initiative and drive this 
vacancy provides excellent prospects. Salary range 
from £800 to £1,500 per annum. Please reply, 
in confidence, giving full details of previous ex- 
perience to Box No. W 3271 
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SENIOR ENGINEERS are required by The 
English Electric Co. Ltd., at Luton, to devise 
equipment and/or direct activities to investigate 
the effects of vibration and other environmental 
conditions. on Guided Weapons. Experience in 
this field is unnecessary but applicants should 
possess a Degree or H.N.C. and preferably have 
had some experience in the Electronic Industry. 
Housing assistance can be given if required 
Please write stating age, qualifications and ex- 
perience to Dept. C.P.S., 336/7 Strand, W.C.2, 
quoting Ref. 1000G. W 3216 





SENIOR ESTIMATORS required by a large and 
progressive engineering company in the London 
area. Applicants should have a comprehensive 
experience of small to medium class production 
of electronic equipment with special emphasis on 
Ministry contracts. These are attractive vacan- 
cies and call for men of sufficient ability and 
initiative to justify a good salary. All staff privi- 
leges including superannuation and _ insurance 
scheme are available to the selected candidates. 
Applications, which should give full details of 
qualifications and experience, should be addressed 
to Box No. W 3246. 





SENIOR DRAUGHTSMEN. Due to expansion 
of the Plessey Company Limited there are several 
vacancies for experienced men in the following 
fields: 1. Design of a wide range of electronic 
equipment, including work to Service require- 
ments. 2. Mechanical design of precision mech- 
anisms for quantity production. These vacan- 
cies carry attractive salaries and long-term pros- 
pects in reward for hard work and offer good 
staff conditions including superannuation and 
insurance schemes. Applications, which will be 
treated in confidence, should be addressed to: 
The Plessey Company Limited, Vicarage Lane, 
Ilford, Essex. W 3278 





SENIOR DESIGN and Development Engineers 
required for work of an interesting nature in 
connexion with Microwave, Electronic and 
Mechanical Development of Guided Weapons and 
associated equipment. The vacancies offer ample 
opportunity for advancement in a modern labora- 
tory. The positions are permanent and the com- 
mencing salaries will be in accordance with ex- 
perience and will be based on a generous and 
progressive scale. Degree or H.N.C. Please apy, 
in confidence, giving full particulars to: e 
Personnel Manager, The  Pless 


ey Company 
Limited, Vicarage Lane, Ilford, Essex. 


W 3273 


TECHNICAL WRITER (Radar) required by 


manufacturer in the London area to compile 
literature on radar equipment. A good general 
educational and _ engineering background is 


necessary, with H.N.C. (including electronics) as 
the minimum technical standard. The principal 
requirement, however, is the ability to assimi- 
late information supplied by laboratory techni- 
cians and to prepare this in a clear logical 
sequence suitable for publication as a handbook. 
Salary will be commensurate with experience and 
ability but a minimum of £750 per annum is 
offered and, for a qualified radar engineer who 
is able to meet the requirements described abpve, 
there is scope beyond the position now vacant. 
Write, in confidence, giving full particulars of 
past experience, qualifications, age and_ salary 
required to Box No. W 3339 


TECHNICAL PUBLICATIONS. Electronic 
Development Engineers, Senior and Junior, with 
a leaning towards Technical Writing to under- 
take the preparation of Instruction Manuals, for 
Radar and like projects. A working knowledge 
of Pulse Circuitry and Microwave Techniques 
essential. Senior Illustrator required, with experi- 
ence of preparation of circuits, block diagrams, 
erspective and exploded views. Apply, giving 
full details of experience, age, etc., to the 
Personnel Manager, The General Electric Co. 
Ltd., Brown’s Lane, Allesley, Coventry. W 3334 


TECHNICAL REPRESENTATIVE required for 
the Northern Counties by Advance Components 
Ltd., Marlowe Road, althamstow, London, 
E.17. Applicant must have comprehensive know- 
ledge of Electronic Test Equipment, previous 
commercial and selling experiences and _ will- 
ing to reside on the territory (car provided). 
Apply in strict confidence giving full personal 
history to Mr. J. Head, General ey 4 


TECHNICAL WRITER required by large preci- 
sion instrument Company with offices in Leyton. 
Applicants should be familiar with Electronics 
and Mechanics and able to write technical service 
literature. The position can be progressive for 
the right man and the initial salary would be 
commensurate with experience. Applications, 
which can be made in the strictest confidence, 
giving full details of experience, age and salary 
required, should be addressed to The Personnel 
Manager, Kelvin & Hughes Limited, New North 
Road, Barkingside, Essex. ; W 3305 





TELEVISION EQUIPMENT. An internationally 
known engineering company wishes to appoint a 
Junior Engineer for Development work in con- 
nexion with Circuit work on Microwave and 
Television equipment. The successful applicant 
should preferably be a Graduate and if possible, 
have had some experience of this type of work. 
A first-class salary with excellent prospects is 
offered to the right man. Write to Box No. 
W 3321. 








SENIOR TECHNICAL ENGINEERING Staff. 
A London Engineering Company invite applica- 
tions from Project Engineers who are capable of 
taking charge of Microwave, Electronics and 
Mechanical Engineering Development in con- 
nexion with Guided Weapons and other appli- 
cations. These positions are permanent and 
offer amp‘e opportunity for further advancement. 
The commencing salaries which will be in the 
region of £1,000 per annum upwards according 
to qualifications and experience, will be subject 
to review on a generous scale. Engineering 
Degree or H.N.C. Replies, which will be treated 
in utmost confidence, should give full details of 
qualifications and experience and be addressed 
to Box No. W 3272. 


TECHNICAL LIAISON OFFICERS. A leading 
electronics company has vacancies in London 
for senior and junior staff to participate in the 
development and marketing of radar equipment, 
computing devices and _ industrial electronic 
apparatus. Salary range £600-£1,000 per annum. 
App'icants should have technical qualifications, 
preferably to degree standard and should have 
experience in dealing with Government establish- 
ments or senior staff in industry. The company 
is expanding rapidly in the electronics field and 
offers progressive careers and excellent staff 
conditions to capable men. Applications in 
writing stating age, experience and etd desired 
should be addressed to Box No. W 3365. 


TEST GEAR DESIGN E s and Maint 
ance Engineers required with practical experience 
of this class of work, based on sound knowledge 
of electronic principles. These vacancies are 
permanent and p-ogressive. A company pension 
scheme in operation. London area. Please write, 
in confidence, giving full details of qualifications 
to Box No. W 3245. 








TEST ENGINEERS (2) for Electrical Test Dept. 
Experience in Electronics essential. H.N.C. or 
C. and G. Final preferred. Permanent positions. 
Five-day week. ‘anteen, recreation and welfare 
facilities. Apply by letter, stating age, qualifica- 
tions and experience, or call Personnel Officer, 
British Acoustic Film Ltd., Woodger Road, 
Shepherds Bush, W.12. W 1355 


TEST ENGINEERS. Elliott Brothers (London) 
Ltd., Boreham Wood, Herts, have vacancies in 
a newly formed section of Guided Weapons 
Division for Test Engineers to work on Micro- 
wave and Electronic components and assemblies. 
Applicants should have O.N.C. or C. and ¢ 

Certificate, or experience on radar type equip- 
ments, in the services or elsewhere. Familiarity 
in testing components and assemblies to Govern- 
ment inspection standards would be an asset. 
Please write fully to the Personnel Officer a A 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment. 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





THE BRITISH THOMSON-HOUSTON Co. 
Ltd.. has a vacancy in its Research Latoratory 
at Rugby for a qualified Electrical Engineer or 
Physicist for work on radio interference prob- 
Iems. The work covers investigation of the 
mechanism, measurement and suppression of 
radio interference over a wide and _ interesting 
range of sources. Applicants should write to 
the Director of Research, British Thomson- 
Houston Co. Ltd ., giving their age and quali- 
fications, and quoting the reference RIS. W 3199 


TRANSMITTING HF AND VHF. A Senior 
appointment is available for an Engineer with 
experience in design, construction and testing of 
[oye rated up to 10 kW. Knowledge of 
S.S.B. would be an advantage. A four figure 
salary is available to those with proved experi- 
ence, preferably of University degree. A.M.I E.E. 
or equivalent qualifications. orien will be 


available to approved applicants from the 
Greater London area. Raca) Engineering 
Limited, Bracknell, Berkshire. W 1350 





THE BRITISH THOMSON-HOUSTON Co. Ltd., 
Leicester, Vacancies exist in the Electronics 
Engineering Department at the Blackbird Road 
(Radar) Factory for Engineers as follows:— 1. 
Senior Engineer with at least 4 years’ experience 
in engineering for production. 2. Junior En- 
gineers for work as above; training will be pro- 
vided in development/design/factory liaison work 
for junior engineers interested in this class of 
work, and with suitable qualifications. Appii- 
cations stating age and giving details of experi- 
ence and aualifications to:— The Manager, 
Electronics Engineering Dept., British Thomson- 
Houston Co. Ltd., Rugby. W 3155 


THE BRITISH THOMSON-HOUSTON CO. 
LTD., Rugby. The following vacancies exist for 
development engineers in the field of industrial 
Electronics and related work, concerning appli- 
cation of modern methods of control to indus- 
trial processes. In each division enumerated 
below a senior engineer is required of graduate 
status with several years’ experience. Suitable 
Junior engineers with at least H.N.C. o: equiva- 
lent qualification, with some industrial experience 
will be considered for training. The company has 
a wide background in this fie'd together with 
many commercial electronic projects allied with 
the heavy engineering business of the B.T.H. 
Company. 1. Electronic-Motor Control: Deve!op- 
ment and application engineering of Electronics 
for the control of rotating machinery, for a 
variety of Industrial drives: viz. Machine-tools, 
textile machinery, printing presses, paper-making, 
etc. 2. Magnetic Amplifiers: Development and 
application of these and related non-linear ferro- 
magnetic devices. 3. Servo Systems: Development 
of servos mainly of Power Ratings for military 
and industrial applications. 4. Factory Automa- 
tion: Development of co-ordinated schemes of 
automatic control for machine-tools and other 
factory equipment. 5. Welding Control: Engin- 
eering and development of electronic control 
apparatus for resistance welding. Application 
Engineering associated with the foregoing. 6. 
Industrial Communication Equipment: Develop- 
ment and circuit design of audio and carrier 
types of apparatus. Project and field engineer- 
ing of comprehensive Industrial communication 
systems. While knowledge of electronic control 
is desirable, applications are invited from en- 
gineers with application experience, not neces- 
sarily electronic, in connexion with 1, 3, 4 and 
5 above. Applications stating age and giving 
details of experience and qualifications to:— The 
Manager, Electronic Engineering Department, 
British Thomson-Houston Co. Ltd., Rugby. 





THE BRITISH THOMSON-HOUSTON CO. 
LTD. has vacancies in its Research Laboratory 
at Rugby for honours graduates in physics or 
electrical engineering to work on problems con- 
nected with the development of gas discharge 
control valves such as thyratrons, ignitrons, etc. 
The work is varied in character and demands an 
interest in gas discharges, together with some 
knowledge of electronics and valve circuitry. 
Applicants are invited to send details of their 
age and qualifications to The Director of 
Research, British Thomson-Houston Co. Ltd., 
Rugby, quoting Reference No. KH. W 3315 


THE BRITISH THOMSON-HOUSTON CO. 
LTD., has vacancies in its Research Laboratory 
at Rugby for honours graduates in physics or 
electrical engineering to join a team engaged in 
the development of microwave electronic valves. 
The work is chiefly concerned with the investi- 
gation of the fundamental operating mechanisms 
of established devices such as magnetrons and 
klystrons and the evolution of new types of 
microwave oscillator. The team operates in a 
new laboratory, well equipped and provided with 
all constructional and engineering facilities. 
Applicants are invited to send details of their 
age and qualifications to The Director of 
Research, British Thomson-Houston Co. Ltd 


Rugby, quoting Reference No. DR.4. W 3316 
THE GENERAL ELECTRIC CO. LTD., 
Brown's Lane, Allesley, Coventry, requires 
Mechanical Development Engineers, Designer- 


Draughtsmen and Draughtsmen, preferably with 
experience of Radar type equipments for work 
on Guided Weapons and like projects. Also 
required, Senior and Junior Electronic Develop- 
ment Engineers, particularly in the field of 
Microwave and Pulse Applications. Salary accord- 
ing to age, qualifications and experience. Apply 
by letter stating age and experience to the Per- 
sonnel Manager. Ref. R.G. W 208 





THE DE HAVILLAND ENGINE Company 
Limited requires Mechanical and _ Electronic 
Engineers and Physicists with experience in the 
following works:— (a) Vibration and Stress 
Analysis. (b) Design and Development of Elec- 
tronic Test Equipment. Successful applicants will 
be employed in an expanding department dealing 
with Vibration, Experimental Stress Analysis and 
Dynamic Measurements of all types encountered 
in the development of Gas Turbines and Rocket 
engines. Please write giving full particulars of 
qualifications, age and experience with salary re- 
quired to:— The Personnel Officer, The de Havil- 
land Engine Company Limited, Stag Lane, 
Edgware, Middlesex. W 3270 





TEST ENGINEERS are required by a Leading 
Midlands Manufacturer for:— (1) Testing and 
Fault Finding on Radar Units and other Elec- 
tronic Devices. (2) Construction and mainten- 
ance of Test Equipment. (3) Testing and Fault 
Finding on domestic Radio and_ Television 
Receivers. These progressive positions cover a 
wide range of activities and selection will be made 
not only on experience but also on abiilty to 
respond to further ee Ex-Service techni- 
cians are particularly suitable. Applicants should 
write, giving details of career to date and salary 
expected to the Personnel Manager. (Ref. GLB), 
Box No. W 3036. 


TELEPHONE CABLE ENGINEER. British 
Insulated Callender’s Cables Ltd., require an 
experienced engineer to specialize in telephone 
transmission and distribution schemes. In this 
rapidly expanding field the post offers 

opportunities for right man. Applicants 
should have a good technical background coupled 
preferably, with experience in the design or 
insta lation of telephone cable systems. Some 
experience of the associated terminal and repeater 


W 3168 equipment would be an advantage. Replies quot- 
ing reference number B (a8. should be 
addressed to the Staff » BICC, Ted. 
Prescot, Lancs. W 3256 
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THE EDISON SWAN ELECTRIC Co. Ltd., has 
vacancies in its Sunderland factories for Techni- 
cal Assistants to umdertake investigation into 
technical a nega involved in the manufacture 
of Radio Valves and Cathode Ray Tubes. Previ- 
ous experience in this field not essential. Good 
prospects for men capable of tackling diversity 
of problems in this growing industry. Technical 
qualifications H.N.C. or degree standard. Appli- 
cations from men studying for such qualifications 
will be considered. Positions permanent and 
pensionable. Apply in writing giving full details 
of age, education, qualifications and experience 
to Personnel Officer, The Edison Swan Electric 
Co. Ltd., Pallion, Sunderland. W 3288 





THE BRITISH THOMSON-HOUSTON' CO. 
LTD., Rugby. Because of expanding commit- 
ments, the company wishes to increase its 
development Engineering staff engaged on Radar 
and associated fields of activity. Requirements:— 
(a) One senior engineer for each of the projects 
enumerated below. Qualifications:— Graduate or 
equivalent status with several years’ experience. 
(b) Junior engineers, graduate or H.N.C. prefer- 
ably with some relevant experience, for whom 
training will be provided where appropriate. 1. 
Complex microwave systems involving the use of 
new types of valves and circuit elements. 2. 
Microwave component developments, with special 
reference to novel techniques and manufacture. 
3. Microwave aerial and feed systems. 4. High 
power pulse generating. 5. Intermediate fre- 
quency amplifiers, switches, and special circuit 
developments. 6. Circuit and system develop- 
ment associated with disp'ay and data extraction 
systems. Mechanical Engineer. A _ qualified 
mechanical engineer is also required, for 
development/design of large precision mechanical 
structures in connexion with new types of ground 
radar. Experience with gear-drive is desirable. 
Applications stating age and giving details of 
experience and qualifications to:— The Manager, 
Electronic Engineering Department, The British 
Thomson-Houston Co. Ltd., Rugby. W 3:67 





THE MULLARD RADIO VALVE Co. Ltd., has 
a number of vacancies for Electrical Engineers 
or Physicists to undertake applied Research 
Work in the — of transistors and 
kindred devices. e field offers opportunities 
for original work and at times requires consider- 
able ingenuity. Further advanced studies and 
publication of results is encouraged. It is 
intended that the posts will eventually carry con- 
siderable technical responsibility in an expanding 
organization. For this reason, applicants should 
possess a good Honours Degree and some previ- 
ous experience or, alternatively, a real interest in 
an advantage. Commenc- 
ing salary will be according to individual qualifi- 
cations and experience and will provide progres- 
sive remuneration for increased responsibilities. 
Applications in writing, which will be_ treated in 
confidence, should be addressed to Mr. J. F. 
Gogarty, Personnel Officer, The Mullard Radio 
Valve Co. Ltd., New Road, Mitcham Junction, 
Surrey, quoting reference W 335 





ULTRA ELECTRIC LTD., Western Avenue, 
Acton, London, W.3. Draughtsmen. The fol- 
lowing positions offer excellent prospects to cap- 
able men: (a) Senior Design Draughtsmen for 
(i) Servo Mechanisms; (ii) Electronics; (iii) Radio 
and TV. These departments cover a wide range 
of mechanical, electro mechanical airborne equip- 
ments, Electronics, TV. and Radio development. 
and give opportunities for the development of 
new techniques. (b) Senior Detail Draughtsmen 
able to produce accurate detail drawings from 
mechanical layouts. Opportunities of promotion 
to higher grades. (c) Checker. First-class man 
(preferably over 30) with previous D/O checking 
and workshop experience in light engineering. 
(d) Jig and Tool Design Draughtsmen with ex- 
perience of press tools, jigs and fixtures. Good 
salaries, subject to regular review, will be offered 
to the right men. Pension Scheme. Ideal work- 
ing conditions and equipment. Social Club. 
Applicants are requested to write (in strict con- 





fidence) or telephone (ACOrn 3434) to The 

Personnel Manager. Saturday interviews 

arranged. W 3326 
JULY 1955 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be -made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


URGENTLY REQUIRED single young men 

Electronic Wiremen, assemblers aa fitters, tee 
Junior and Senior Test Engineers in connexion 
with Television Cameras and ancillary equipment. 
Apply in writing to Personnel Office, Dept. 24, 
Pye Ltd., Radio Works, Cambridge. W 3145 
YOUNG MEN required for assembly, wiring 
and testing of Electronic apparatus. Some ex- 
<—- with scientific istruments an advantage. 
echnical School education. Must have com- 
pleted National Service. Pension scheme, five- 
day week, canteen. Camden Town district. 
Salary according to age and experience. Please 
app i age and experience, to Box No. 











Further “Situations Vacant’’ advertisements 

appear in display form on pages 95, 96, 97, 

100, 10%, 105,111, 127,119,121, 131,129,132 
and 134. 








SITUATIONS WANTED 


A GROUP of Electronic Engineers with i - 
trial experience in the develepment of A... 
and equipment, including mechanical design if 
required, can be made available to a manufac- 
turer or consulting engineer about to enter the 
field of electronics. Box No. W 1363. 

CHARTERED MECHANICAL ENGINEER, 30, 
training in electronics, commerce, and admini- 
stration, seeks position calling for enterprise and 
organising ability combined with interest in the 
industrial applications of electronics. Resident 
Ealing, London. Box No. W 1348 











og eae WANTED 

COPIES of Electronic Engineerin i 

before October 1954. Box No. W 32g published 

YOUR INVENTION or idea considered for out- 

right purchase or Production on a royalty basis 

by firm of electronic engineers. Apply Box No. 
W 1366 











"EDUCATIONAL 


BOROUGH POLYTECHNIC, Borough Road, 
S.E.1.  A_ full-time post-graduate course in 
Nuclear Techniques and Measurements _ will 
be held at the Borough Polytechnic from Sep- 
tember 1955 to June 1956. e aim of the 
course is to provide an introduction to tech- 
niques and measurements used in nuclear 
Physics, and is intended for physics or electri- 
cal engineering graduates who propose to enter 
the field of research design of instruments radio- 
isotope applications or reactor instrumentation. 
Further particulars and application form for ad- 
mission may be obtained from_the Secretary, 
Borough Polytechnic, Borough Road, London, 
S.E.1. W 3240 
COUNTY BOROUGH OF BOLTON, Education 
Committee, Bolton Technical College. Full-time 
Course in Electronic Engineering. A three-year 
full-time course in Electronic Engineering is now 
available. Candidates should be in the age range 
of 16 to 18, and have taken, or be taking, 
General Certificate courses at the Ordinary level 
in Mathematics or Physics, or equivalent courses 
in technical instructions. This rapidly developing 
industry offers new and attractive openings to 
qualified men. The next course commences 
September 1955. Early application for entry is 
desirable. Further particulars from the Principal, 
Technical College, Manchester Road, Bolton, 
W. T. Selley, Chief Education Officer, Education 
Offices, Nelson Square, Bolton. W 3200 
COVENTRY TECHNICAL COLLEGE. _ Session 
1955-56. Electronic Engineering. Applications 
invited for entry to next three-year full-time 
course commencing September 1955, from those 
requiring comprehensive training to an advanced 
level in Electronic Engineering, qualifying for 
technical posts in radio, telecommunications, tele- 
vision and industrial electronics. Syllabus will 
cover requirements of City and Guilds, Brit. 
I.R.E., and I.E.E. examinations. Entry age 16 
or over. Application forms and further infor- 
mation from Principal, Coventry Technical 
College. W 3233 
DESIGN DRAUGHTSMAN, preferably with 
H.N.C., and with experience of electronic and/ 
or precision electro-mechanical equipment re- 
quired by the Electrical Research Department. 
Good starting salary and prospects, with pen- 
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sion scheme and five-day week. Write giving 
full details of age, experience and qualifications 
to Personnel Manager, C. A. Parsons & Co. 
Ltd., Heaton Works, Newcastle upon Rea 56 


FREE: Brochure giving details of courses in 
E'ectrical Engineering and Electronics, covering 
A.M.Brit.I.R.E., City and Guilds, etc. Moderate 
fees. Write to E.MI. Institutes, Dept. EE.29, 
London, W.4. (Associated with H.M.V.) W 2674 
T.V. AND RADIO—A.M.Brit. I.R.E., City & 
Guilds, R.T.E.B. Certificate, etc., on ‘‘ No Pass 
—No Fee” terms. Over 95 per cent successes. 
Details of Examinations and Home _ Training 
Courses in all branches of Radio and T.V. Write 
for 144-page handbook—Free. B.I.E.T. (Dept. 
337H), 29 Wright’s Lane, London, W.8. W 187 


THE POLYTECHNIC, 309 Regent Street, W.1. 
Electrical Engineering Department. Head of 
Department: D. O. Bishop, Ph.D., M.I.E.E. 
Full-time Day Courses are provided in Electrical 
and Telecommunications Engineering. The 
courses, which extend over a iod of three 
to four years, prepare for the Higher National 
Diploma and professional examinations and for 
the B.Sc. (Eng.) Degree of the University of 
London Session 1955-56 begins on September 
20th, 1955. Evening Courses in the above sub- 
iects and also in Radio and Television Service 
Work commence on Lay ong 26th September. 
The courses prepare for the Ordinary and Higher 
National Certificates and for the City and Guilds 
of London Institute examinations. New Students 
will be enrolled on 21st September, 5-8 p.m. 
Prospectuses may be obtained on application to 
the undersigned. J. C. Jones, Director of 
Education. W 3266 
THE UNIVERSITY OF SOUTHAMPTON. 
Scholarship in Electronics. Applications are_in- 
vited for a joint Post-graduate course in Elec- 
tronics at the University of Southampton and at 
Vickers-Armstrongs Ltd., Weybridge. The gradu- 
ate selected will attend the Diploma course in 
Electronics at the University during the first year, 
and will spend the second year training in special 
projects in the Electronics Laboratory of the 
firm. The value of the scholarship will be that 
appertaining to the firm’s graduate training 
scheme, approximately £400 per annum. Appli- 
cations should be made to the Professor of Elec- 
tron’cs, University of Southampton. W 3253 


FOR SALE 


EXTRUSIONS BY MARLEY Buyers requiring 
rigid and flexible tubes and sections in thermo- 
plastic materials should ask for a quotation from 
Marley Extrusions Ltd., Dept. 127 Lenham, 
Maidstone, Kent. Harrietsham 381. W 224 
FOR SALE. Moving coil voltage regulator 7 
k.V.A. 50 cycles; converting 246/214 to 230 volts 
output at 30-5 amps. BM/YHCE/WCI. W 1257 
MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
our display advertisement on page 97. W 202 
METAL-GLASS SEALS. Single way hermetic- 
ally sealed terminals for soldered connexions and 
ing. Mostly Ikv and 2kv sizes. New: 65s. 
per 1,000 assorted. P. B. Crawshay, 94 Pixmore 
Way, Letchworth, Herts. Tel. 1851. W 215 
METALWORK. All types cabinets, chassis racks. 
etc., to your own specifications. Phillpott’s Metal 
Works Ltd. (G4B1), Chapman Street, Lough- 
borough. W 2776 
POWER EQUIPMENT BARGAINS. Potted 
Mains Transformers. These are of really superior 
construction fitted in cast metal cases and com- 
pound filled. Termina!s come to ebonite base- 
board. All are upright mounting and have 220/ 
230 normal 50 cycle mains input and fully 
screened primary. Type 5FI. 265-0-265 at 3C0 
m.a.; 6.3 v. at 7 amp.; 4.4 v. at 2.5 amp; Price 
35s. plus 3s. 6d. carriage. Type 5F2. 365-0-365 
at 150 m.a.; 4 v. at 2.5 a.; 6.9 v. at 4.2 a; Price 
32s. 6d., carriage and packing 3s. 6d. Type SF3. 
1540 v. 2 v. at 2 a.; 4 v. at 1 a. This is an ideal 
transformer for televisors and scopes using 
V.C.R.97, etc. Price 25s. carriage 2s. 6d. Potted 
Chokes. These chokes are in similar type cases 
and therefore match the above ‘transformers. Type 

H. at 300 m.a. Price 10s. carriage and 
packing 2s. 6d. Type 5F5. 10 H. at 150 m.a. 
Price 12s. 6d. post and packing 2s. 6d. High 
Power Transformers. For R.F. Heaters, trans- 
mitters, etc., etc. These are open wound type 
for maximum cooling and have the normal 2(0- 
250 primary fully screened. Type S5F6. 1,000 v. 
at 4 amp. e.g., 5 K.V.A. Price £8 10s., carriage 
and packing 5s. Type S5F7. 1,500 v. at 1 amp. 
eg., 1.5 K.V.A. Price £15, carriage and pack- 
ing 7s. 6d. Type SMI. 1,000-0-1,000 v. at 1.5 
amps. e,g., 14 K.V.A. Price £12 10s., carriage 
and packing 7s. 6d. Type 5M2. 1,000-0-1,000 v. 
at 500 m.a. and 4 v. at 4 a. Price £7 10s., car- 
riage and packing 4s. 6d. Type 5M3. 375-0-375 
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v. at 250 m.a. and 4 v. at 4 a. _ Price 37s. 6d., 
Sartiogs and packing 3s. 6d. Power Filament 
Transformers. Type 5M4. 4 v. at 4 a. 2-0-2 v. 
at 10 a. Price 18s. 6d., carriage and packing 
3s. 6d. Type SMS. 3.15-0-3.15 at 10 a. 4-0-4 at 
10 a. 4-0-4 at 2 a. 4 at 4 a. 2.5-0-2.5 at 3 a. 
Price 27s. 6d. plus carriage and ay 3s. 6d. 
Type 5M6 34 v. at 2 a. iy 32 v., 30 v. and 
28 v. for relays, etc., 22s. 6d. plus 3s. 6d. car- 
riage and packing. Power Chokes. Open wound 
type and feet with clamps. Type 5M7. 30 Henry 
at 500 m.a., 35s. 7 5M8. 20 Henry at 500 
m.a. 32s. 6d. Tyne 5M9. 15 Henry at 500 m.a. 


27s. 6d. Type 5M10. 10 Henry at 500 m.a. 
22s. 6d. Type SM11. 25 Henry at 250 maa. 
18s. 6d. Type 5M12. 3 Henry at 10 amps. 


18s. 6d. Type 5M13. 200 Henry at 5 m.a. I5s. 


E.P.E. Ltd., Special Sales Dept., 31 Bourne 
House, Grove Road, Eastbourne. Wi85 
RELAYS Miniature Hermetically Sealed. 
Z530008-670 ohm.-2 Changeover. 2Z530002-180 


ohm.-4 Changeover (12/24 v. D.C. operation). 
Guaranteed unused, 20s. each. Box No. W 3333. 
WAVEMETERS W 69 with 0-500 Microam- 
meter and Calibration Chart in Transit Case 
(less valve and batteries) £3 10s.; Voltmeters 
Electrostatic 0-3,500, 24 in. Plug—in 25s. Capaci- 
tors 2x1}x1 in. Fractional Microfarads, large 
range of values accurate to 5 decimal places Is.; 
Toroidal Inductances 2:42 ohms., 30 millihenries 
2s.; Adjustable Diaphragm Ear Phone inverts 25 
or 50 ohms., 2s. 6d.; Resistance Type Thermo- 
meter Bulbs—70°C. to 180°C. 5s.; Crystal 
Microphone inserts 6s. 6d.; Miniature output 
Transformers, Ratios 250 or 8-5-1, etc. R. R. 
Barrett, 7 Upper Kent Street, Leicester. W 1349 


SERVICE 


ANY ELECTRONIC MS perfectly typed (or 
duplicated) by enthusiast of experience with 
special typewriter. 25 Valkyrie Road, ba a 
Cheshire. W 13 
AN OLD established presswork Company in the 
Midlands which also operates up-to-date vitreous 
enamelling and galvanizing plants and a fibre re- 
inforced plastic moulding plant, has a new 
factory in course of erection. In this building 
the directors are prepared to lay down plant for 
the production of specialized eee or 
assemblies on a long-term basis. ropositions 
are solicited: H. Davies & Co., Tudor House, 
Broad Street, Wolverhampton. W 1358 
CAPACITY AVAILABLE. Substantial Company 
can offer the following capacity. Press—Single and 
Double Action up to 120 tons. Press Shop is 
supported by modern and efficient toolroom. 
Plating—Nickel, Chrome, Cadmium, Tin, Zinc, 
etc. Prompt service and regular deliveries. Box 
No. W 3071. 

CAPACITY AVAILABLE for assembly and 
wiring of electronic and communication equip- 
ment of all types, chassis, racks, cubicles. etc. 
Expert cableform designers, work to A.I.D. or 
exhibition standard. Also capacity for cableform 
production. — or short runs. All inquiries 
given highest confidence. Box No. W 1326 
ELECTRONIC ASSEMBLY, machine capacity 
available, (aid). Bel Marlborough Yard, N.19. 
ARC 5078. W 219 
IMMEDIATE CAPACITY available for coil, 
armature and stator winding, assembling and 
wiring of control panels. Electric Windings 
(London) Ltd.. 2a Whites Row, Spitalfields, 
London, E.!. Phone Bishopsgate 3149. W 1342 











PLASTIC MOULDINGS in Thermoplastics and 
Thermosetting materials. Specialists in high- 
grade electrical mouldings. Own _ tool-room. 
Greenwood Rawlins & Co. Ltd., Brook Road, 
Rayleigh, Essex. Tel. Rayleigh 903. W 1353 








WEBB’S SERVICE DEPT. for complete renova- 
tion of complex communication receivers of any 
make. Test report issued showing sensitivity 
selectivity, signal/noise equal to, or better than 
maker’s original figures. Webb’s Radio, 14 Soho 
Street, London, W 196 


~ BUSINESS OPPORTUNITIES 


FUNDS AVAILABLE for investment in sound 
private manufacturing concerns, having scope for 
development. Steady profit record essential, 
preferably exceeding £20,000 per annum, as well 
as ensured continuity of Management. Suitable 
opportunity for industrialists wishing to realize 
funds without discontinuing active direction of 
company’s affairs. Well-known Merchant Bank 
acting for investment trusts will deal with pro- 
posals in strictest confidence. Write Box MA/69. 
c/o 95 Bishopsgate, E.C.2. W 3247 
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Insulation testing .. rapid, safe, simple! 





For rapid testing of small components at voltages up to 10 kV D.C. the 
‘ENGLISH ELEcTRIC’ electronic insulation tester is ideal. This small, light instru- 
ment works off any 110 or 210/250 volt A.C. power plug and is easy and safe to 
use for routine testing. For checking a batch of similar insulators, a built-in 
ionisation amplifier gives a quick audible indication of any faulty specimens. 
This photograph shows the tester being used to check the high voltage insula- 
tion of small transformers, one of the many jobs for which it is exactly suited. 


ENGLISH ELECTRIC 


insulation testers 


See our Exhibits on Stand No. 25 Room C.!, Manchester 
Electronics Exhibition, July 14—July 20. 






THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAy, LONDON, W.C.2 
Industrial Electronics Department ‘Q’ , Stafford 


EIT WORKS: STAFFORD * PRESTON * RUGBY + BRADFORD + LIVERPOOL * ACCRINGTON 
IT.6F5 
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See these Electronic equipments on our Stand (No. 14) at the 
British Instrument Industries Exhibition, Earls Court 
Fune 28th — July 9th 


BALANCING MACHINES 
DISTRIBUTED AMPLIFIERS 
WIDE BAND AMPLIFIERS 
TELEVISION TEST INSTRUMENTS 
PULSE GENERATORS 


MINIATURE RELAYS 

MINIATURE OSCILLOSCOPES 

MEASURING OSCILLOSCOPES 

HIGH SPEED TRANSIENT OSCILLOSCOPES 
STROBOSCOPES 


+" © #2 € 





HAYES, MIDDLE 
E.M.I. ELECTRONICS LTD. TEL: pl oti nge an Exts. 655, 857, 858 
RENAL TS i OTE AT ROOD SIH ote 








EE.6 
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High Precision SPEED CONTROLLERS / 
Type M.C. 3I Type M.C. 43 (illustrated) 
Type M.C. 44 (rack mounted, small) 


Send for Data Sheet 





A LABORATORY TOOL OF THE HIGHEST PRECISION 
ABRIDGED SPECIFICATION (M.C. 43 AND M.C. 31) 
SPEED 0-6,000 r.p.m. in both directions, in five ranges. 
TORQUE 21 ounce inches over the whole range of speeds. 
REGULATION From no load to full torque—6 r.p.m. 
TACHOMETER The built-in tachometer covers 0-6,000 r.p.m. in five ranges. 
The type M.C. 44 covers 0-10,000 r.p.m. with a torque of 3 ounce inches. 


All these instruments are capable of maintaining their speed to within 1 or 2 
r.p.m. over a long period, with large variations in supply, voltage and frequency. 


SERVOMEX CONTROLS LIMITED ' CROWBOROUGH HILL 
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SERVOMEX 


A.C. VOLTAGE STABILISERS 
A.C.2. 10 amp. °- A.C.7. 30 amp. 


FOR THE MOST EXACTING WORK 





These Stabilisers both employ a continuous servo with velocity feedback. They are 
insensitive to change of frequency—load power factor—temperature—supply wave- 
form. They are unaffected by vibration and bumping, and have excellent long-term 
stability. Other important features are :— 


1. Output continuously variable. 5. Very wide range of correction 
2. Zero distortion. (The A.C.7. covers minus 20% to 
3. Metered for current and voltage. plus 10%). 

4. Large power. Send for data sheet. 


JARVIS BROOK . SUSSEX *: TELEPHONE CROWBOROUGH 1247 
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DETROIT PUBLIC LIBRARY 











trial and error will often decide the choice, 


but in choosing the right size of a miniature servo-motor a rather more 


sophisticated approach is essential. The more exacting the technical requirement 


the more necessary to consult the expert, and this is where Vactric with their 


long experience and wide range of midget motors can assist. One of their more 


recent problems was to design a servo-motor with a size limitation representing a 


decrease in diameter of almost 50% over its predecessor. This particular design, 


with its performance details, is shown actual size below. 


Output 


Torque 


Speed 
Voltage 
Amperes 
Watts 


Rating 





5.16 x 107 hp. 


5 gm. cms. 
.07 ounce inches 


7,500 r.p.m. 
6 volts d.c 
0.37 
2.2 


Continuous 





Telephone: Sloane 9656 or write for brochure or technical assistance 


Wa ect FP i @& iinitec 196 Sloane Street London SW! : 
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(without specs? ) 


WHEN SPACE IS TIGHT, cable-forms sometimes have to be loomed in 
three-dimensions—as in the aircraft junction-box example illustrated here. This 
technique calls for skilled hands and strict adherence to very close dimension limits. 
Crimping of tags and plug-pins also demands first class workmanship and inspection. 


These are just the skills Broxlea 
can provide in full measure. If 
you need capacity for this kind 
of job, let us show you our range 
of sub-contracting services, in- 
cluding relay-adjusting, precision 
wiring, assembly and testing of 
all types of advanced electronic 
and telecommunications gear. 













““THREE-DIMENSIONAL” cable-form ready for 
installation in an aircraft junction-box and (right) 
crimping of tag and plug pins to avoid soldered joints. 


BROXLEA 
PRODUCTS 
LIMITED 


A.I.D.-approved sub-contractors 





HIGH ROAD, BROXBOURNE, HERTFORDSHIRE 
PHONE: HODDESDON 3091/2 


JULY 1955 19 ELECTRONIC ENGINEERING 











VALVE 
VOLTMETERS 


Millivoltmeter Type 784——_—— 





(Wide-band Amplifier and 
Oscilloscope Pre-Amplifier) 


Frequency range from 30 c/s to 10 Mc/s 
Voltage ranges 0-10, 0-100, 0-1,000 millivolts 
Excellent stability 

Can be used as an amplifier up to 15 Mc/s 


Immediate delivery 

















@ Frequency range from 30 c/s to 200 Mc/s 


@ Balanced, unbalanced and differential inputs 


Measures both positive and negative d.c. voltages— 
0-1.5, 0-5, 0-15, 0-50, 0-150 volts a.c., 0-5, 0-50, 
0-500 volts d.c. 


Six resistance ranges reading up to 100 megohms 
Balanced circuitry ensures exceptional stability 


Very low probe input capacity 


Immediate delivery 











Full details of these or any other Airmec instruments will be forwarded gladly upon request 


AIRMEC HIGH WYCOMBE BUCKINGHAMSHIRE 
L I M I - E D 


Telephone : High Wycombe 2060 Cables: Airmec, High Wycombe 
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CONSTANT VOLTAGE TRANSFORMERS IN COLORIMETRY 




















depends upon 
CONSTANT VOLTAGE.... 


In 1955 electronics provides the answer. In colour 
matching today, the precision instruments used must 

have a reliable and constant voltage supply, and this 

is one of the many applications Advance Constant 
Voltage Transformers fulfil so 

effectively. 













Full details given in folder 
M15 gladly sent on 
request. 


CONSTANT VOLTAGE 
TRANSFORMERS 


ADVANCE COMPONENTS LTD. 
T MARLOWE ROAD, WALTHAMSTOW, LONDON, E.17 
Telephone : LARkswood 4366 GD 
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E&6.C: 


EW54 Germanium Junction Power Diode 


NOW AVAILABLE TO 
ELECTRONIC EQUIPMENT MANUFACTURERS 


The EWS54 p-n junction germanium diode is intended for use in recti- 
fier circuits at medium voltage and current. The diode is hermetically 
sealed in a copper container. This is particularly important because of 
the deleterious effects of moisture on germanium devices. 


The main features of this type of diode are The diode is of value in applications requiring 
high rectification efficiency and small size; the outputs up to the order of 20A at voltages up 
former results primarily from the very low to 50 (at 20°C), using a full-wave bridge 
forward resistance of the diode. arrangement. 











For a typical diode, at an 
ambient temperature of 20°C: 


Current at +0.5V=8A 
at —l100V=6mA 


Other recent G.E.C. Semi- 
Conductors are the 


EWwS53 EWS58 EW59 





i 


EW54 actual size 














Details of all the above devices may be obtained from 


THE OSRAM VALVE AND ELECTRONICS DEPARTMENT 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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PE DINE SPREE A AD LE OO 








ALL-POWER 


REGULATED POWER SUPPLIES 








SERIES 500 





An entirely new range of units, designed 
for the highest possible performance 


and overall efficiency. 


Now in large scale production and 


available for prompt delivery. 





Model 501 


(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 






























































Data Model 50! Model 502 Model 503 Model 504 Model 505 
Output 200-500V 200-500V 0-500V 0-500V 0-500V 
250mA 250mA 250mA 250mA 150mA 
a Number of Ranges 2 2 4 4 | 
48 
zz Voltage Stabilization +0.02% +0.002% +0.1% +0.002% +0.1% 
= | Effective Output Resistance 0.2.9 0.02 2 0.52 0.02.2 0.5.0 
(max.) 
Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mV 
Outputs — — 250V 25mA 250V 25mA 250V 25mA 
=. 0—250V ImA | 0—250V ImA | 0—250V ImA 
e 
s = Voltage Stabilization — +0.05% +0.002% +0.05% 
pe} 
+5 Output Resistance (max.) — oo 1Q 0.01 Q 1Q 
Output Ripple (rms. max.) aa mee 2mV ImV 2mV 
Unstabilized + VE 470V 470V 320V 320V 
H.T. Supply 250mA max. 630V 630V 470V 470V 630V 
630V 630V 
Unstabilized A.C. Supply 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price £70 £91 £81 £99 £75 








STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 


with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 
£1 15 Oper pair 


Polished hard-wood reinforced end frames 


Steel instrument case of new design 


PRICES. Prices are quoted net ex works and are subject to variation without notice. 


ALL-POWER TRANSFORMERS LTD. 
Tel.: BYFLEET 3224/5 
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£4 10 Oeach 


CHERTSEY ROAD, BYFLEET, SURREY. 
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Ct MARCONI 
FM SIGNAL GENERATOR 


TYPE TF 1077/2 


FREQUENCY RANGE 19.7 to 102.5 Mc/s DEVIATION up to 100 kc/s 








BRITISH 
INSTRUMENT 
INDUSTRIES 
EXHIBITION 


onde EARLS 
Zs 


June 28 -July9 1955 


\ 











STAND 
No. 1 
BLOCK B 


JULY 1955 
Cc 





MARCONI instRUMENTS 


SIGNAL GENERATORS ° BRIDGES ** VALVE VOLTMETERS * Q METERS * WAVEMETERS 
FREQUENCY STANDARDS ‘. WAVE ANALYSERS : BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS ~° Telephone: ST. ALBANS 6160/9 
30 Albion Street, Kingston-upon-Hull. Phone: Hull Central 16144. 19 The Parade, Leamington Spa. Phone: 1408 


Managing Agents in Export: 
MARCONI’S WIRELESS TELEGRAPH CO. LTD. * MARCONI HOUSE, STRAND, LONDON, W.C.2. 


TC 66 


25 ELECTRONIC ENGINEERING 








THE AUTOMATIC COIL WINDER & ELECTRICAL/EQUIPMENT CO. LTD. 
WINDER HOUSE DOUGLAS STREET LONDON SwW.! Plgphone Vicor 3404—9 





ELECTRONIC ENGINEERING 26 JULY 1955 











= 


DERERARGR 


Within the normal BRIMAR 
range there is now available a 
large number of types tested 
in accordance with the UNIQUE 
TRUSTWORTHY standard. This 
standard was, of course, primarily | INDUSTRIAL y RANGE 
established to meet Services Re- ee 
quirements, in which extremes of : yperrrs 

resistance to shock and vibration are V ON eee: | menace 
a vital factor. Such extremes are ee Se ee 


rarely called for in normal industrial use. 6058 6AL5 | Double Diode 


G/6156 6AM5 Power Pentode 
But the fact that these valves have passed pine cameien3 | High Slope RP. Pensode 


such an additional rigid test offers a very G/6066 6AT6 | Double Diode Triode 
G/5749 6BA6 | Vari Mu R.F. Pentode 


worthwhile ‘bonus’ in performance— G/5750 200s | ‘thepeedie Miner 


‘ : ; ‘ G/6059 6BR7 | Low Noise A.F. Pentode 
specially for use in equipment required to cae cote | Getanntnn Tonnes 


operate for lengthy periods without G/6132 6CH6 | Video Output Pentode 
G/6100 Triode Amplifier 


attendance. G/6180 Low Mu Double Triode 
6063 Full Wave Rectifier 


: 6065 Vari Mu R.F. Pentode 
The accompanying table shows the com ovens silat Shee Shentibe Ftads 


plete range of Industrial ‘‘T’’ Valves, 6067 Low Mu Double Triode 
6057 High Mu Double Triode 


all of them available with reasonable G/6158 Spudteh Prdeid Gauthe Triede 
: ; iti G/6062 V.H.F. Beam Tetrode 

delivery. In many instances additional pi abate oe 

types can be made available for special G/6443 Half Wave Rectifier 

‘ . G/6L6GA Output Beam Tetrode 

applications. G/25L6GT Output Beam Tetrode 

G/6042 Low Mu Double Triode 

G/50C5 Output Beam Tetrode 


| 


Notes : Type 6058 will be superseded’eventually by 
Type 5726 (Short Bulb Version). 



































Standard Telephones and Cables Limtred FOOTSCRAY, SIDCUP, KENT, FOOtscray 3333 
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A range of 
lightweight 








i t OC 











plugs and 
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sockets for instrumentation etc... 


“SCREENECTOR” 


These non-reversible, screened connectors 
accommodate cables up to 0.24 in. overall diameter 
and are available for 1 to 3 ways. Points to 
note: a spring loaded locking ring is now incor- 
porated giving vibration-proof locking; resilient 


skirt maintains screen contact even if locking 


Te 


SRB. it 0 BIR Ta 











BELLING ¢ LEE LTD 


ENFIELD, MIDDX., ENGLAND 


GREAT CAMBRIDGE RbD., 
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ring is left undone; contacts assembled on 
moisture-resistant, nylon-filled, phenolic moulded 
insulant; rubber cable support to minimise wear 
at clamping point; housing designed so that the 
moulded inserts can be interposed, i.e. fixed or 
free plug, etc.; flange permits use on panels of 
any thickness. 

New type plugs (L.788, L.789 or L.z790 range) 
will mate with old type sockets (L.722, L.625 or 
L.715 range), locking as formerly, and old type 
plugs will mate with new type sockets but will 
not lock in as the ring is not spring loaded. 
Apart from this both ranges are interchangeable 


mechanically and electrically. 
Contact Resistance: less than 2 milliohms per pole 
Working Voltage: |50v. d.c. or a.c. peak 


Insulation Resistance: 60,000 megohms at 500 v. d.c. 
between contacts and from contacts to housing. 
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New beam tetrode D.C. control valve 
of exceptional performance 








gm- 35mA/V 


Max. cathode current 800mA 


The Ediswan Mazda 13.E.1 is a new beam tetrode 
with a high slope and good power handling capacity 
for use as either a series or shunt control valve in 
stabilised power supplies. It is also eminently 
suitable for servo control motor systems. 


In either of these functions the 13.E.1 can usually be 
used in place of two or three smaller valves thereby 
saving space and simplifying wiring because multi- 
plicity of connections, grid and anode stopper 
resistors etc., are avoided, and this, in turn, gives the 
additional advantage of improved circuit stability. 


The 13.E.1 has a B.7A. all glass base and is intended 
for vertical mounting. All maximum ratings shown 
below are absolute values, not design centres. 


olan pl ge itlt 


wil ale gig dill! 
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RATING B.7A. BASE 

Vh 26.0v I3v. CONNECTIONS 
th 1.3A 2.6A 
Va max 800 V Pin | h 
Vg2 max 300 V Pin 2 h tap 
Vgl max -100 V Pin 3 gl 
Wa max 90 W Pin4 k 
Wg2 max 10 WwW Pin 5 g2 
ik Max 800 mA Pin 6 a 

Pin7 h 
Vh/k max. (cathode+ VE) 300 V 














EDISWAN 


oe 2 
VALVES AND CATHODE RAY TUBES 





THE EDISON SWAN ELECTRIC CoO. LTD. 155 Charing Cross Road, London, W.C.2. 


Telephone : Gerrard 8660. Member of the A.1.E. Group of Companies 
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Telegrams : Ediswan, Westcent, London 
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Clock: and Boffins 
pus alittle SWITCHCRAFT 


— provide the answers 








The neck switch with cover We are indebted to the Director 
removed to show how the of the Grassland Research Insti- 
Burgess Micro Switchette is tute, Hurley, nr. Maidenhead, 
operated by the _ elliptical Berks, for permission to give 
actuator when the head is publicity to this valuable work 
bent forwards. for agriculture and the nation. 


BURGESS MICRO SWITCHES 
AID GRASSLAND RESEARCH 


To obtain data on bovine reaction to various types of grazing, the Grassland Research Institute at Hurley have designed 
and produced ingenious automatic recording equipment which is harnessed to grazing bullocks in the manner illustrated 
above. Certain tell-tale movements of the animals are carefully recorded to provide precise data with which to build 
up complete diaries of the day to day happenings in their lives.* 








Burgess Micro Switchettes play important roles in this scientific investigation, 
three being employed in each harness. One Micro Switchette is operated by cam 
action from the elliptical actuator resting on the bullock’s neck, the switch operating 
when the head is bent downwards during grazing. Two more Micro Switchettes 
are built into small pressure-plate switches situated in the lower portion of the 
belly band and operate when the animal lies down. All three Micro Switchettes 
are wired to recording gear carried on the bullock’s back. 


TYPE V3 BURGESS 
MICRO SWITCHETTE 


of Burgess Micro Switches which are being used with equal confidence in scientific 
research and in industry. No matter if you have no bullocks in your factory, there 
are switches in our range which will give you long, trouble-free and accurate 
performance. Catalogue No. 50 provides all the (fat) stock prices. 





i 
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i 
This application exemplifies in a striking way the versatility and complete reliability : 
i] 
i 
i 
i] 
i 
i 
i 
i 
1 
i] 
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MICRO SWITCHES :--------- iecatiidias wet 


? * OKs and TAYLER, JC. The 
a ‘ . Fy a » 3. C. 
Industry’s A mati h automatic recordi of animal 
Y uto c Cc orce behaviour in the field. 
Electronic oe 27 (March 
1955). 





BURGESS PRODUCTS COMPANY LTD., Micro Switch Division, Dukes Way, Team Valley, 
Gateshead 11. Telegrams : Micro, Gateshead 11. Telephone : Low Fell 75322 (3 lines). 


@ 
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VOLTAGE STABILISERS 


Cold cathode gas-filled voltage stabilisers manufactured by English 
Electric Valve Co. Ltd. provide a sensibly constant output voltage 
from a source of supply liable to fluctuation, satisfying all 
requirements for reliability and conforming to British 
Service specifications. Whether your needs are 
for General, Rugged or High Stability type 
Stabilisers and Reference Tubes, your 
requirements can be adequately met 
from our range which is the most 
extensive provided by any 
manufacturer in Great 
Britain. Send for 














































full technical 
data. 
| b ry) o vo vn ¢ 3 | w 
rs > @ ( §8) s8 fo9 gS | 68S | eaee ERs ges | hose g3 
S te ere oe me eee a5 <a 
Fee is aris 
QS. 75/20 | CV. 284 B7G | 54 | 19 110 75 ~ _ 20 2 6 _ 
QS. 75/60 | CV. 434 B8G 80 | 30 117 75 _ — 60 5 5 —~ 
8. sale (SEG | ee) | 33. wo | 92 | — oe I 5 - 
QS. 95/10 | CV. 286 B7G 54 | 19 110 95 150 0.25 | fe) 2 5 —— 
QS.108/45 } CV. 422 B&G 80 | 30 120 108 150 | OI | 45 5 5 _ 
QS.150/15 | CV. 287 B7G 54 19 170 150 240 0.25 15 2 5 os 
QS.150/40 | CV. 216 1.0. 105 | 39.5 180 150 _ — 40 5 5.5 | OD3 
QS.150/45 | ov. 395 B&G 80 30 170 150 200 0.1 45 5 5 — 
QS.1201 _ FLYING 80 19 IIo 75 ~ _ 15 2 4-5 _— 
’ LEADS 
QS.1202 _ FLYING 80 19. |. 833 108 _ — 15 2 4:5 — 
LEADS 
QS.1203 ca FLYING 80 19 180 150 _- _ 15 2 4.5 _ 
LEADS 
QS.1204 _ B7G 54 19 133 108 - co 25 5 3 — 
QS.1205 CV. 3798 1.0. 105 | 39.5 105 5 |= _~ 40 5 6.5 OA3 
QS.1206 CV. 686 1.0. 10§ | 39:5 | 133 | 105 |  — —_ 40 5 5.5 OC3 
QS.1207 CV. 1832 B7G 67 19 185 150 -— _ 30 5 2.0 OA2 
QS.1208 | CV. 1833 B7G 67 19 133 10o8 | — a 30 5 2.0 OB2 
HIGH STABILITY TUBES | 
QS. 83/3 CV. 449 B7G 54 19 125 | 83 = a 5 : | 0.6 5651 
QS.1200 CV. 2225 B7G ne cap 180 | 150 _~ _ 15 oe ~_ 
' | 





























ENGLISH ELECTRIC 


ee as aes , te a erhouse Lane, Chelmsford 
CNR OMMVADMCMENDDMIE oleniones Cheimaford 2091 


AP 300-19 
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High quality material and 
dimensional precision are attributes 
of Bullers die-pressed products. 
Prompt delivery at competitive 
prices. 














We specialise in the manufacture of 
PORCELAIN 
for general insulation 


REFRACTORIES 
for high temperature insulation 


FREQUELEX 
for high frequency insulation 


PERMALEX & TEMPLEX 
for capacitors 


=7 __ BULLERS LIMITED = 







































































= MILTON » STOKE-ON-TRENT » STAFFS = 
| Phone: Stoke-on-Trent 21381 (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent —— ; 
Ironworks : TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 : 

Phone: Tipton 1691 Phone: MANsion House 9971 2 
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The Cossor Double Beam Oscillograph Model 1035 
in use in the Research laboratories of Saunders-Roe Ltd., 
the famous flying boat manufacturers. 


In displaying the mutual effect of two related and variable 
quantities simultaneously the Cossor Double Beam 
Oscillograph is solving many of the fundamental problems 
with which the Research and Development scientist is 
constantly beset. In the Production field, too, there are 
innumerable problems capable of complete solution by 
this versatile instrument and every branch of industry is 
realising the enormous potential of this apparatus in the 
detection and analysis of faults and the accurate monitoring 
of manufacturing processes. 

The technical advisory staff of the Instrument Division is 
always at your service to help with your particular problem. 













%* In the Cossor Double Beam 
Oscillographs Models 1035 and 
1049, the two traces are presented 
on a flat screen of 90 mm. dia., and 
the amplifiers are so calibrated 
that measurement of the voltage 
input as well as the time interval 
between various significant por- 
tions of the oscillogram is made 
possible. Permanent records for 
subsequent analysis may conveni- 
ently be made by attachment of 
Cossor Camera Model 1428, for 
which there is also a nine-speed 
Drive Unit Model 1431. 


The Technical Advisory Staff of the Cossor Instrument Division is always at your service. 


C () S S () R ee 


Please address enquiries to 


Cci.68 


COSSOR INSTRUMENTS LIMITED, COSSOR HOUSE, (Dept. 2) HIGHBURY GROVE * LONDON °- N.5 


Telephone : CANonbury 1234 (33 lines) 
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Telegrams: Cossor, Norphone London 


Cables : Cossor, Lonaon 
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Waveguide Test Equipment 





British Thomson-Houston are able to supply grade one 
test equipment for X-band, and S-band, for rectangular 


waveguides and concentric lines. 


Please write for further information and technical data. 











BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED »- RUGBY - ENGLAND 
I 


Member of the AE! group of companies 
A4863 
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seep Hanon 


—for Smaller Production 
Quantities 





SHEET AREA UP TO 28° x 40° 





OUTPUT—I8 PER HOUR 





Type RA-41P OUTPUT—I5 PER HOUR 


TURRET PUNCH PRESSES 


give lower production costs 
—than by any other method 


The RA-41P combines the versatility, accuracy and 
high speed of the pantograph for rapid hole location, with 
the time saving features of the WIEDEMANN Turret 
Punch Press for quick punch and die selection. Up to 





20 low cost punches can be set up in the turret ready for OUTPUT—10 PER HOUR 
instant use. 
Maximum sheet size ... oe eee see 28 in. x 40 in. ALL OPENINGS PIERCED 
Throat depth ... ash is Se ia aan oes) aii IN TIMES SHOWN 
Capacity ty" she ss Ere vc see 15 tons - 

eer Peer The WIEDEMANN range includes small 
Punching Capacity... A aarteet ” 074 —_ _ _— hand-cperated models wp. to large 

a ane  .s «4 e operated machines of 80 tons capacity, capable 
Strokes per minute ... 0... wees eee eee dS OF percang 6” holes in 3° plate. 


Write to Sales Department for detailed Catalogue 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Telephone WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON 





8 
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The Elliott 402 Computer 











5 weeks’ work in 12 minutes 


with the help of DURALUMIN 


REGD. TRADE MARK 


Designed for general commercial and industrial use, 
the Elliott 402 High Speed Digital Computer drastic- 
ally cuts calculation time on scientific and other prob- 
lems. As much as 5 weeks’ normal work has been carried 
out on this machine in 1? minutes. ‘Duralumin’ was 
chosen for the framework and complete cabinet 
covering of the 402 and for many vital components. 
Exhaustive tests by the makers proved ‘Duralumin’ to 
be superior to other non-ferrous, non-magnetic alloys 
for this application because of its good machining 
qualities, lightness, strength and resistance to corrosion. 





Photographs by courtesy of Elliott Bros. (London) Ltd., Computing Machine 
Division, Borehamwood, Herts. 








For the drum, which is the main store or memory of the 
computer, a metal was required with sufficient homogeneity 
for symmetrical turning to obviate the need for balancing ‘ Duralumin’ is used in the construction of the 223 
and which would thereafter remain stable. ‘Duralumin’ plug-in units which form the main feature of the 402 
was the answer. computer. 


yy JAMES BOOTH & COMPANY LIMITED - ARGYLE STREET WORKS - BIRMINGHAM 7 


ED 18G40 
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ENTHOVEN Superspeed- 


or SUN STAR” cers... 


Careful alloying and the 
incorporation of special fluxes 
contribute to its efficiency 


—but the stellate 


6-CHANNEL CORE 


—secret of faultless 
fluxing—places 
ENTHOVEN 
SUPERSPEED 

in a class by itself. 


Continuous stellate core has 
6 channels of activated 
rosin flux. 


Solders difficult parts uni- 
formly and quickly. 


Fastest non-corrosive, 
solder-and-flux combinat- 
ion for industry. 


Activator is rendered harm- 
less by soldering heat. 


Eliminates dry and high 
resistance joints often 
caused by incorrect fluxing. 


* Flux residue is hard, non- 


conductive, non-corrosive 
and non-hygroscopic. 


ENTHOVEN SOLDERS LIMITED - 89 UPPER THAMES STREET - 
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Designed as the result of exhaustive research into the piuperties of 
all kinds of single and multiple core systems, ENTHOVEN stellate 6- 
CHANNEL CORE combines all the advantages of both. It comprises, 
in effect, six distinct flux channels—all located close to the circumference 
of the solder tube and all connected with the main central channel. 


When the heated solder metal collapses, the flux is released—not 
merely from the channel nearest the heat, but from all six channels 
simultaneously. Hence the quick, generous flow of precisely the right 
amount of activated rosin flux eliminates all possibility of dry or high 
resistance joints. Hence the name SUPERSPEED for the most efficient and 
reliable of all cored solders. 


MANUFACTURED BY 


ENTHOVEN 


SOLDERS LIMITED 


SUPERSPEED activated rosin-cored solder for general electrical, electronic and telecommuni- 
cation work, and all standard uses. A.I.D. approved to M.O.S. Specification DTD 599, 
Complies with B.S.441, RCS 1000, and other current specifications issued by G.P.O. and 
other Government departments. 


SUPERSPEED is available in a wide range of alloys and gauges. Samples, together with 
comprehensive literature, gladly sent on request. 


LONDON €E.C.4. MANsion House 4533 
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You calla da tune... 


We can play any number of variations on the Austinlite A 50 Rotary. 
Say what you want a switch to do and Austinlite will supply the switch to do 
it...simply. Simplicity is the keynote of Austinlite Rotary switching ; 
it saves contactors, interlocks, sequence relays, space, wiring, maintenance... 
and money — because every Austinlite switch is built for its job. 


If you would like to know more about how and why, send for a copy of 





‘Simplified Switching’. It is post free on request. 


Rotary switching is ‘Simplified Switching ’ 


ask —7hustinlite about it . 


AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM Tel 





(A subsidiary of Stone-Chance Ltd., the makers of Sumo Pumps and Stone-Chance Lighthouses) ; 
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_ ™ WATCHING BRIEF 
diseinned introducing the 
; | new Widibene eo [ EVERSHED | 


The modern trend towards miniaturisation in industrial control 
equipment has led to the design and development of the Evershed 
Miniature Recorder. Illustrated below is a Control Desk recently 
supplied to the Grangemouth Refinery of Scottish Oils Ltd., on which 
38 recorders are fitted. They have also been supplied for the new 
British Petroleum Company’s Refinery at Aden. 

The Evershed Miniature Recorder has the maximum self-contained 
ranges of 500 v. or 10 amperes and will prove to be of great use to 
engineers and designers throughout industry. It is suitable for either 
flush or surface mounting or can, by the use of a leather sling, be used as 
a portable instrument. 

Although compact, measuring only 4}-inches wide by 6}-inches high 
and 9-inches deep, the recorder will give a continuous record for one 
month. The movement which is of the moving coil type is calibrated 
to B.S. 90—1940 requirements. 


FOR FULL DETAILS, WRITE FOR PUBLICATION EE 282 
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MINIATURE RECORDER 





EVERSHED & VIGNOLES LTD 
ACTON LANE WORKS CHISWICK LONDON w4 
Telephone Chiswick 3670 Telegrams Megger Chisk London - Cables Megger London 





6/154 
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20 Mc/s FREQUENCY MONITOR 





RAMR an wy 
The Automatic Frequency Monitor (20 Mc/s) B. ° 
is but one of a series of high grade monitors = o°@ 5 @-oe 6 
now in course of manufacture for the accur- — 


ate measurement of frequency. 


Employing hard valve techniques throughout, 
it will measure any frequency in the range 
10 c/s to 20 Mc/s to an accuracy within 
+ | part in 108. 


The result, in decimal notation, is presented 
on eight panel mounted meters each scaled 
from 0 to 9 and the unknown frequency is 
automatically remeasured every few seconds. 


This new equipment presents a considerable 
advance in frequency measuring techniques 
and apart from normal laboratory applica- 
tions, is ideally suited for incorporation in 
production testing routines. 


Full technical information on this and other 
frequency measuring equipment is available 
on request. 





CINEMA 











A COMPANY WITHIN THE J. ARTHUR RANK ORGANISATION 


WORSLEY BRIDGE ROAD - LONDON’: S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS : 

Hawnt & Co. Ltc.. 59 Moor St. Birmingham, 4 

Atkins, Robercson & Whiteford Ltd., 100 Torrisdale Street. Glasgow, S 2 

F. C. Robinson & Partners Led., 122 Seymour Grove, Old Trafford, Manchester, 16 
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FROM 60 TO IO’ C.P.S.! 
AND FROM -80°C TO 250°C 


ea 





*“FLUON’ is used by The Telegraph Condenser Co. Ltd., London, to seal the ends of their tubular condensers, 
T.C.C. Patent Nos. 698607 and 698608—zhich will give completely reliable service even under hot, humid conditions. 


‘E'r.wUOn’* 
holds its outstanding electrical properties 
even under very humid conditions 


Power Factor 0.0001 

Dielectric Constant 2.0 

Dielectric Strength _1,500 to 1,800 volts/mil on .005 in. sheet 
Water Absorption NIL 

Non-Tracking 


**FLUON?’ is the registered trade mark of the polytetrafluorethylene 
manufactured by I.C.I. 


Please ask for full technical data from: 
IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 


P.569 
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FOR 


Quartz Crystals Gee 


CONTRO 





Prompt Delivery, all types, 2,000—20,000 ke/s 


When ordering 10X replacements, why not use our hermetically sealed Type 2XL? 


CATHODEON CRYSTALS LIMITED 


LINTON - CAMBRIDGESHIRE - Telephone LINTON 223 
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DUB iin 


DUBILIER CONDENSER COMPANY (1925): CLIMTFED 


DUCON WORKS, VICTORIA ROAD, NORTH ACTON LONDON, W.3 
Telephone: ACOrn 2241 Telegrams: Hivoltcon Wesphone London 
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In brief... 


Design meets Services Specifications RCS 165/166 


, 


“p Sealed, Open and Dust Protected Models 
\ 


fe 
Sie 
\ 


A 
p Up to 8 Contact Springs, in any of 29 combinations 
Heavy-Duty version, with 2 Moving Springs 
IG 
op Suitably mounted sealed models as “ American ” equivalents 


Details of this and other miniature relays available on application 


ERICSSON TELEPHONES LTD 


Head Office: 22 Lincoln’s Inn Fields, London, W.C.2 Works: Beeston, Nottingham 
— Telephone : HOLborn 6936 Telephone: Beeston 254831 
® 
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MAKE A WORLD OF DIFFERENCE 


The KINNEY Gas Ballast Pump has, time and again, demonstrated its decided 
advantages over other types of Industrial Vacuum Pumps. Not only does it pump 
condensable vapours without contamination of the sealing oil, but in pumping it 
uses only one third of the quantity of sealing oil in a normal rotary pump. 















Gas Ballasting, detail changes and improved manufacturing technique combine 
to make the KINNEY Rotating Plunger High Vacuum Pump an even more indis- 
pensable piece of equipment for plants aiming at quicker, better and more profitable 

° production. The wide field of application for the KINNEY Pumps is catered for 
by a range of sizes with capacities from 13 to 780 cubic feet per minute. 


Write for details 


KINNEY VACUUM PUMPS — QUICKER, BETTER, MORE PROFITABLE PRODUCTION 


Deel A een Nh 


\RADCLIFFE) LTD. 


GENERAL ENGINEERING CO. (RADCLIFFE) LTD. Station Works, Bury Road, Radcliffe, Lancs. 


Telephone: Radcliffe 2291 (3 lines). Telegrams: ‘‘ General” Radcliffe. 
London Office: 3rd Floor, 9, Victoria Street, London, S.W.1. Tel.: Abbey 5278. 
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Ceramic Insulation only— forges iaaemlonaaer}. 
Similar model, larger 
and approved for TYRE Grated 5 
watt aiso 


available. 


Tropical conditions. 





Complete Ceramic Rings for 
strength. Also a large range 
of precision Toroidal-wound 


Potentiometers and Helical sen.25,000 


chms. Torque: 
0.005 oz/inches. 
Winding 270°-355% 


ie 






Potentiometers, 3 and 10 turn. 


Available in plain bearings. 












Have you a copy of this catalogue? If not, write for 
list No. 212. 


P. X. FOX LIMITED, Hawksworth Road, Horsforth, Yorks. 


Tel: Horsforth 2831/2 Grams: Toroidal Leeds 
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Fitted 
to the World’s Finest 


radiograms 





record playing units 


Seven inch, ten inch and 
twelve inch records played 
at all speeds and played 
superbly. 
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List ES/T/6a includes 
full details of the range 


ELECTRONIC ENGINEERING 


The ‘Pentland’ Series of Resin Cast 
Components has been extended to include 


Three-Phase Transformers with ratings up to 


approximately 4 kVA at 50 c.p.s. Corre- 


spondingly greater ratings are available at 


the higher frequencies. 


FERRANTI LTD * CREWE TOLL 


FERRY ROAD: EDINBURGH 5 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2 
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Made to measure... 


The Gaumont-Kalee Flutter Meter 
is an instrument designed to measure 
small deviations from constant speed 
occurring in sound recording and/or 
reproducing machines. Consisting 
ofa narrow band amplifier, a limiter, 
a discriminator and detector, and a 
metering system, the whole unit is 
self-contained with its own power 
supplies. 

The instrument responds down to 
zero frequency and will therefore 
indicate accurately the lowest wow 
components present. The power con- 
sumption is 100 watts and the main 
characteristics of the instrument 
may be summarised as follows: 


Operating carrier frequency 

Minimum input signal 

Input impedance 

Input amplifier band width 

Effective limiter range 

. Peak wow meter F.S.D. 

R.M.S. Meters F.S.D. 

R.M.S. Meters F.S.D. on divide by 5 range 
Cross over frequency 

Flutter meter response 


Wow meter response 
C.R.O. Output frequency 


C.R.O. Max. output signal 
Analyser output frequency response 


Analyser output for 1% peak to 

peak deviation 

Analyser output must be closed upon 0.5 
megohms. 

All meter presentations, accuracy 

+5°% of F.S.D. 


3,000 c/s +5% 

100 mV 

0.5 megohm 

ey db at 2,500 and 3,000 c/s 
+1% peak (centre zero) 
1.0% R.M.S. 

0.2% R.M.S. 

20 c/s +10% 

—3db at cross over 

—2db at 200 c/s 

—8db at 300 c/s 

—3db at cross over 

—Idb at 3 cycle 

Level down to zero frequency 
—2db at 200 c/s 

150 volts Peak to Peak 
—2db at 400 cycles 

—lIdb at } cycle 


3.0 volts R.M.S. 








B.B.C. Television. 

E.M.I. Supplies Ltd. 

R.C.A. Photophone Ltd. 

Garrard Engineering & 
Manufacturing Co. Ltd. 

Truvox Ltd. 

Ministry of Supply. . 

N.V. Philips’ Gloeilampenfabrieken, 
Holland. 

Post Office Research Department. 

Compagnia Commerciale di 
Cinematografia, Milan. 

Commision Supérieure 
Technique, Paris. 

N.Z. Broadcasting Service. 

Commonwealth of Australia, 
Melbourne. 

Wright & Weaire, Ltd. 








GAUMONT-KALEE 


264 


METER TYPE 


Conforms to B.S. 1988: 1953 


Full details of this equipment may be obtained from The Studio Dept., EE/7/55 


G.B-KALEE LTD. Mortimer House, 37-41 Mortimer St., London, W.1 


Telephone : MUSeum 5432 @ 
A Member of the British Optical & Precision Engineers’ Group 
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REVOLUTIONARY 


in desigqn— 
and performance! 


TYPE W97 


HUNTS “THERMETIC” MIDGET METALLISED PAPER 


CAPACITORS WITH A TRUE HERMETIC SEAL 


FULLY APPROVED TO JOINT SERVICES STANDARD R.C.S.136/A 
CATEGORY 40/100, CLASS I1.1. 
TEMPERATURE RANGE : — 100°C to +-100°C 


The W97 capacitor, although of diminutive size, is an extraordinarily robust TYPE W97 STANDARD RANGE 


unit. Most miniature units are prone to weakness in end connections and : : 
general mechanical flimsiness. Such undesirable features are eliminated in = CAP UF. vet agli — 
the W97 by the special processes used and extreme care in manufacture. , 200 volts D.C ; ; 
CAPACITOR UNIT BM7 0.002 
A single metallised paper is used to wind this unit which is made possible 8M8 

by the use of Hunt’s Patent covering the ‘‘castellated’’ pattern. Recent nods 
development by Hunt on a special impregnating material gives the unit BMI2 

remarkable brackets of operating temperature. 

CASING 

Hunt's patented double metal tube, sealed with the special ‘‘Thermetic’’ 

compound, provides positive closure on the casing and lead entry, ensuring 

positive hermetic sealing. 

INSULATION OF CASING 

The capacitors are supplied without an insulating medium on the case. If 

specially requested they can be supplied with an approved plastic sleeve ‘Geant 
which increases the dimensions by 0.07” in length and 0.03” in diameter. Apompas 
TERMINATIONS ; 
The terminations are of 24 gauge tinned phosphor bronze wire having a 
nominal length of 14”. Special attention is paid to the retinning of the wires 
after the capacitor is fully processed. Connection is made to the unit by 
applying copper spray to the metallising. The pigtail is soldered to this 
bond giving a perfect connection of exceptional strength, 
INDUCTANCE 

W97 ‘‘Thermetic’’ Midgets have a very high self resonant frequency—the 
following figures are quoted as a guide. 50 pF at 600 volts, which is the 
lowest capacitance in the range, has a self resonant frequency of 280 mega- 
cycles. At the other end of the range, 0.04 uF 200 volts, which is the 
maximum capacitance, it is 8.5 megacycles. 

INSULATION RESISTANCE 

This is measured at working voltage at a temperature of 20°C. The 
minimum capacitance in the range, 50 pF at 600 volts, has an insulation 
resistance greater than 2,000,000 megohms. The maximum capacitance in 
the range 0.04 uF at 200 volts, has an insulation resistance greater than 
25,000 megohms. The intermediate capacitances are approximately pro 


ecesoeo°° 


w 
J 
oJ 


288, 


wen 
un 


Fata. 
POWER FACTOR 

Less than 2% at 1,000 cycles per second at 20 C. 

CAPACITANCE TOLERANCE . 

Standard -+ 20%. Closer tolerances are available, for capacitances 
exceeding 500 pF. 


eoo2oSD°0990990 
233883838238 
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Ww97 IS A ‘MUST’ 
for the 
MAKERS OF ELECTRONIC EQUIPMENT 


A. H. Hunt (Capacitors) Ltd, Wandsworth $.W.18-BAT 1083 
And in Canada: HUNT CAPACITORS (Canada) Ltd., AJAX, ONTARIO. 


THE TRADE MARK OF RELIABILITY 
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Marconi Complete 


SOUND STUDIO EQUIPMENT 


Marconi sound broadcasting equipment pro- 
vides an extensive, flexible and versatile range 
of units from cue lamps and control consoles 
to automatic monitors and aerials. It covers every 
phase of the common operating requirements of 
the majority of systems. No two broadcasting 
administrations, however, have the same 
problems and therefore Marconi’s are ready to 
engineer particular schemes and can meet every 


requirement in AM and FM broadcasting. 


The first advertised sound broadcast was made from 
the Marconi transmitter at Chelmsford in Fune 
1920. Today 75% of the countries in the world rely 
on Marconi broadcasting equipment. 





Shown above is the Control Console Type BD 501 which 
handles input of programme material from two studios, 
announcer’s microphone, a local microphone, several disc 
reproducers and four O.B. lines. Two output channels 
for rehearsal and programme conditions are provided. 


Below is the heavy duty Disc Reproducer Type BD503B, 
designed for accurate groove location. A 3-speed turn- 
table and long arm lightweight pick-up are employed, 
and a universal corrector unit is incorporated. The novel 
features of this equipment are the optical groove locator 
and an automatic raise/lower device coupled to the fader. 








Lifeline of communication 


MARCONI 


Complete Broadcasting and Television Systems 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 


Partners in progress with The ‘ENGLISH ELECTRIC’ Company Limited 
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Casting in Aluminium Alloy 


(approx. weight 386 Ibs.) 


C and L Hill LTD would welcome your enquiries for Non-Ferrous 
Sand Castings, Brass, Naval Brass, Brazing Metal, Gunmetal, 
Phosphor Bronze, Aluminium Bronze, High Tensile Manganese 
Bronze, High Conductivity Copper, “* Hilchil ” Chill Cast Phosphor 
Bronze Bars, Cored and Solid. Sand Castings in all Aluminium 
Alloys. Aluminium Gravity Die Castings. 


Hill facilities include 


Wood and Metal Pattern Shop. Fully Approved Laboratory and 
Test House with Inspection Organisation. Facilities for Radiology. 
na et in Development and Quantity Production of Castings 
or Radar. 


Design your Castings for SHELL MOULDING and save Machine 
Shop costs. 





MEMBER OF THE OWEN ORGANISATION 


You can support the B.R.M. 
through the O.R.M.A. (Owen 
Racing Motor Association) 
Members £1 1. 0 per annum. 
Associate Members 5/-. Car Badge 
(full members only) £1.10.0 extra. 
Full details from: THE SECRE- 
TARY, ORMA, KENT HOUSE, 
MARKET PLACE, OXFORD 

RCUS, LONDON, W.1. Tele: 
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C&L ALL LD 


Tel: 


Willenhall 227 (4 lines) Grams: Hill 227 Willenhall 
Branch Works : Wednesfield Road, Willenhall. 


CI 
Museum 8901-6 Both our Foundries are available for Prototype Work. 
WhiteAd 3072 


5 


2 


Stringes Lane, Willenhall, S. Staffs. 
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(electronic) 
CABINET MINISTERS | 
by 
GENERAL ELECTION 





Photograph by courtesy of Messars. 
Hilger & Watts Ltd., London. 


The complex nature of the above cabinet . . . its outstanding craftsmanship, precision and finish, 
illustrate in some measure why H. & H. productions have attracted the interest of the more 
exacting Electronic Instrument Manufacturers. The ability of Hassett & Harper to create the 
most outstanding cabinets, to meet special demands, the meticulous care that they devote to 
the construction of every cabinet, rack and case in the range of Electronic Clothing . . . these are 
the points that add up to complete satisfaction with the finished product. 


A Catalogue of H. & H. Cabinets, Racks and Cases, 


giving details of the full range, is available upon 
request. 





Hassett e Rerper lid 


REGENT PLACE, BIRMINGHAM, |. Telephone: CENtral 6418 (4 lines) 


LONDON: 140 PARK LANE, W.!. Telephone: MAYfair 9651 (3 lines) 
CONTRACTORS TO GOVERNMENT DEPARTMENTS 
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Transformer problems we have solved 


oS , Si SN ION — 
a vt, 
* 


%, 


are YOUR Saieguard 














The Electronics Division of Gresham Transformers Ltd. 

offers a choice of transformers and chokes which are 

not only made to the highest standards of quality, but 
have been independently tested and awarded — 


CERTIFICATES OF APPROVAL FOR JOINT SERVICE USE 
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WRITE FOR A COPY of this new Midland Silicones 


publication which describes the various forms of silicone insulating 


materials—materials which have made possible the development of 


CLASS H INSULATION 





MIDLAND SILICONES wu 


(associated with ALBRIGHT & WILSON Ltd. and DOW CORNING CORPORATION) 


ae 
first in British Silicones 
19 UPPER BROOK STREET + LONDON W.1 © TELEPHONE: GROSVENOR 4551 


Taw/ms44 
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The Limit Bridge §2 is a novel L. C. and R. Limit Bridge, in which the balance 
indication is given by three Lamps : Reject low — pass — Reject high. Access is 
by means of a high-speed jig making a testing rate of several thousand components 


an hour possible with untrained labour. 





LIMIT BRIDGE TYPE 52 
Tolerance Range ees ud +25% L,C&R 


‘> . i as au nt Q Q 
circuit turn checks, low Resistance 1 2 to 5M 
Capacitance _.... ae as 2 pF to 50 uF 


resistance bonding 
hanical inspection Inductance .... mG un: 100zH to 500H 
— Accuracy OS ay. aK +0:1% +1% of tolerance setting 


Attachments for short 


Test Frequency re a 2 Ke/s 











AUDIBLE SIGNAL CAN BE PROVIDED FOR USE BY BLIND PERSONS 


Also manufactured. Robot testers for junction boxes and similar applications 
and fast production test gear of many types. 


Produced by J. H. D. WALTON & COMPANY 


Distributed by LIVINGSTON LABORATORIES LTD 
RETCAR STREET - LONDON N.I9 - ARCHWAY 6251 
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Telecommunication 
Cables 


! 
/ 
j 
! 
| 
| 
! 
i 
| 
! 
| 


PAPER INSULATED AUDIO TRUNK 
AND EXCHANGE AREA CABLES | 
| COAXIAL AND SYMMETRICAL CABLES 
i FOR CARRIER FREQUENCY WORKING 
! 
i 


RF AND MULTI UNIT CABLES 


AND WINDING WIRES 
TEXTILE OR THERMOPLASTIC INSULATED 


| 
| SWITCHBOARD CABLES AND WIRES 
j AND INTERNAL DISTRIBUTION CABLES 
| 
' 
Ce 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 


2t BLOOMSBURY STREET, LONDON, W.Cc.1 
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for the electrical industry, 


I.C.l. silicone resins, rubbers and fluids 
have outstanding properties which enable them 
to solve many problems in the electrical industry 


Remarkably stable over a wide 
temperature range 

1.C.I. silicones are Resistant to chemical attack 
Water repellent 
Excellent dielectrics 


SERRE RRRR RRR 


For motor insuiation, 

insulating varnish for bonding 
1.C.I. silicone resins glass- and asbestos-served wire, 

glass cloth and coil impregnation. 


For cable covering, insulating 
tape and cloth, and caulking 


1.C.I. silicone rubbers 
and sealing applications. 


For dielectric applications 


1.C.I. silicone fluids and for coating ceramic and 
porcelain electrical equipment. aor 
fi 


1.6.1. SILICONE RESINS, RUBBERS AND 
FLUIDS FOR THE ELECTRICAL INDUSTRY 


Enquiries should be addressed to : 
IMPERIAL CHEMICAL INDUS 


NS. 19 
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CERAMIC CAPACITORS 


with close 
T. C. tolerance 































: Temperature compensating tubular capacitors comply to preferred 
values. Made in accordance with electrical and environmental 
requirements. 


A. Simple temperature compensating capacitors. Individual 
capacitors with reduced T.C. tolerance of the following values :— 


























i Cc | T.C. “10* | Quality class of range of T.C. tolerance 

pF | pFipr/ec | I 2 3 4 

a eee | oe +50 | +100 

4 ee a eee ee ee es 

i ae | +20 | +30 | + 50 

f i ees We te “ +20 | + 30 

. Cea. ei 4:10 +20 | + 30 
;.... we |e “ ~ = 

















B. Combined temperature compensating capacitors. 
Assembly of individual capacitors with reduced T.C. tolerance of 
the following values :— 















































c | F.C, 110" | Quality class of range of T.C. tolerance 

pF pF/pF/°C I 2 3 4 
ss [e... +8) a +5 +10 >+10 
1D BR i +5 +10 +20 >+20 
0... 20) 6 ee) ee fae) oe | oa 
i 10... 200 | —100. . . —200 — +10 +20 >+20 
10 . 200 | —200. . . —260 — — +20 >+20 
10. . . 200 | —260. . . —500 — _ +30 > +30 


C. Compensated oscillators. Example : Frequency change with 
Temperature of our ceramic oscillator No. 5233 


ASIC 


Se 


RES 


i,= 


aR 





We shall welcome your inquiries for all other capacitance values and T.C. tolerances 
i not mentioned in the above tables. 


STEATITE INSULATIONS LTD. 


25, SOMERSET ROAD, EDGBASTON, BIRMINGHAM, 15. 
Tel : EDGbaston 3990. “Tel. Add “STEATITE-BIRMINGHAM, 15.” 











ford, C 


Telephon? * © 
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FOR UP-TO-DATE 
INDUSTRIAL 





LUBRICATION 
& PARTING vagy 


/ 


Colloidal Graphite today 


Since the discoveries of Dr. Acheson 50 yeats ago, the 
tegistered trade mark ‘dag’ has been synonymous with colloidal 
gtaphite in its industrial applications. 

*‘Aquadag’, ‘Oildag’, ‘Gredag’ and our other marks are 


known throughout the engineering world and today the Acheson 
organisation offers unrivalled experience and facilities in the 
related fields of lubrication and parting, particularly under con- 
ditions of high temperature or pressure. 

The unique properties of ‘dag’ colloidal graphite, as a dry 
lubricant, as an additive to oils and greases, for parting and to form 
electrically conducting coatings, are now fully recognised and we 
issue informative technical literature covering such aspects as :— 

High-temperature lubrication - Metal-forming - Engine 
and machinery assembly and running-in - Parting - Wire- 
drawing * Impregnation * Various applications in the field 
of electronics. 

Please write us now stating your main interests and let us send 
copies of any of the above without cost to you. Write to:— 


t 
jee’, ACHESON COLLOIDS LTD., 18 PALL MALL, LONDON, W.t 
3 = Telephone: WHI 2034-7. Telegrams ;: OILDAG-PICCY-LONDON 

S 


vin” Also ACHESON COLLOIDS COMPANY, Port Huron, Michigan, U.S.A. 


Colloidal Dispersions of Graphite, Molybdenum disulphide, Silver and other solids, in oil, water and volatile 
solvents for every industrial requirement. Specific literature on request. 
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A RETAINER 
SAVES TIME ... 
... AND MONEY * 








* THAT’S WHY THE 


Kiclvinator 


POLARSPHERE 
INCORPORATES 


SALTER 


"TRUARC 


een | IN TEINS 
1 1 
| To Geo. Salter & Co. Ltd, West Bromwich. | IRIE BIA 

Please send details and samples of Salter Retaining 


las / uoecccoe 











Firm 


IF YOU WISH TO SOLVE 
oo | i ee 
' [1] Send representative [1] Letter attached | AS EASILY, JUST POST THE 
! Shitiesenemesia | GOUPON FOR _ DETAILS 


i 
| Address 


elite ee 





GEO. SALTER & CO. LTD., WEST BROMWICH 
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Higher Writing Speeds 


Precision Cathode Ray Tubes 














The illustration below is of a 500 megacycle sine 
wave, 2 cms. peak to peak with a sweep speed of 250 
cms/microsec. It was photographically recorded from 
a standard 20th Century P.D.A. tube in this series. 





* Please write for Leaflet KT. 303 


























SERIES S6A (Aluminised) 
Overall length (mms) teas | 480 
a “nein a oe” 
cmmivxVAg eee | OY | «1900 
a 

ate capacities a 
| Y | Sank 
Heater volts ... at Ec carey 6.3 
NG. oe 
ee ee 
Re ce a 
VAs (average) eevee | AR VAY 
MM os ke 
Ve for cut off (average)... (| —45V 

















| 


ele CrROMICS 


LIMITED 








MANUFACTURERS OF PRECISION CATHODE RAY TUBES AND GEIGER COUNTERS 
Centronics Works, King Henry’s Drive, New Addington, Croydon, Surrey * Telephone: Lodge Hill 2121 
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for a copy of this booklet—please write to 


Magnesium Elektron Limited 


MANCHESTER LONDON 


Lumm’s Lane, Clifton Junction, near Manchester 21, St. James’s Square, London, S.W.1 
Telephone: Swinton 2511 Telephone: Whitehall 1040 
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| AC sorensen 
VOLTAGE REGULATOR 


Reliability 

Exceptional accuracy 
Not affected by frequency 
Low distortion 

Fast response time 


No load to full load performance 


Excellent finish and 
fine workmanship throughout 


Specification 
RATING 3 KVA 
INPUT VOLTAGE 190-260 
INPUT FREQUENCY 

§0 c/st+10% 
OUTPUT VOLTAGE 

220-240 (adjustable) 

REGULATION ACCURACY 

+0.1% nom. 
RECOVERY TIME o.1 secs. 
HARMONIC DISTORTION 


MODEL LT3P - 1000 -2S(V) 3% nom. 
P.F. RANGE Unity to 0.7 

LOAD RANGE 
No load to full load 





Manufactured under licence by :— 


J. LANGHAM THOMPSON LTD. LT een 


BUSHEY HEATH- HERTS ENGLAND |S um 
Telephone: BUShzy Heath 2411 « Grams and Cables: “ Tommy Watford” 
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PAINTON WINKLER 
SWITCH 


VOLTAGE RATING: 250 
(maximum). 


CURRENT RATING : 0.5 amp. (maximum). 


volts A.C. / D.C. 


Switching up to 29 positions (single-pole) per bank, 
or up to 30 positions per bank for 360° rotation. 
SINGLE, DOUBLE, THREE-POLE or FOUR-POLE. 
Painton Winkler Switches can be supplied for 
either ‘Make-before-Break’ or ‘Break-before- 
Make’ operation. 

1-6 BANKS OPERATED FROM A COMMON SHAFT. 
Each switch has an adjustable stop device, by 
which the switch can be set to the number of 
positions required. 


AVERAGE CONTACT RESISTANCE : 
THAN 0.004 OHMS. 


BETTER 


The distinctive Painton knob type K2I, with the 
‘adjustable skirt’ feature has been specially 
designed to operate Painton Winkler Switches. 


PAINTON 


De. Cham fpton O ng lund 
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The white pointer can easily be 
lined up with dial markings. 

The friction-plate can be loosened 
by two screws, allowing the 
skirt of the knob to rotate. 





* Break-before-Make ' or 
* Make-before-Break ’ operation. 








The ‘ direct-link ’ wiper provides 
a low capacity and inductance 
connection between the individual 
contact studs and the collector 
ring, and because the wiper is 
freely pivoted a constant and 


even contact pressure is obtained. 





The contact studs are moulded 
into the nylon-filled phenolic 
resin panel, and though normally 
Silver-plated,can be specially 
Rhodium-plated if required. The 
rigid stems of the contact studs 
are tinned to facilitate soldering 
connections. 
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The number of operating 
positions can be altered. Two 
stop plates can be adjusted by 
loosening a friction-plate 
clamped by two screws. 


JULY 


1955 








4 OBS 


rma 


EL, ACES oR 


=, & les, 








4 











Cut the stress 


and strain 
from spring 


caleulation 


WITH A ‘RATCLIFFE’ 
SPRING CALCULATING 
SLIDE RULE 


% Scales allow all calculations involved in the 
design of helical tension and compression springs 
to be made at one setting! 


% Upper slide for stress and load calculations ! 
% Wahl’s stress correction calculated quickly ! 


% The rule is essential to engineers and draughts- 
men, is soundly constructed and supplied in a 
strong case complete with instructions 


* Price £3. 3. 0.. Send for one today 


LS Kateliffe 


THE SPRING SPECIALIST 


CRAWFORD SPRING WORKS 


ALLEN STREET * ROCHDALE + LANCS 
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Transistor News from Mullard 





JUNCTION TRANSISTORS FOR 
INDUSTRIAL ELECTRONICS 


Audio Amplification heads list 
of economic applications This is the actual size of a basic a.f. 


amplifier used for amplifying weak sig- 
nals from a noise cancelling microphone 
Now that Mullard Junction Transistors OC70 and OC71 are to full telephone strength. The amplifier 

; t : o : is sufficiently small to be fitted in the 
available in production quantities, the advantages of transistors | microphone casing of an ordinary hand 
can be brought to a long list of industrial electronic equipment. | sét. Circuit diagram is shown below. 
For low power audio applications, particularly amplifiers, these 
two transistors are recommended for their small size, instan- 
taneous operation and simple power requirements—in a typical 
circuit only two or three volts “H.T.” is required to operate 


telephones at full volume. 








Further details of the OC70 and OC71 and the economies they 
can effect in your power supply and space requirements are 
readily available from the Communications and Industrial Valve 
Department at Mullard. Write today . .. and watch these 
announcements for Transistor News. ABRIDGED DATA /0C70/0C7I 























POTENTIAL APPLICATIONS OF THE OC70 & Oc7I | |" PC vores MI] 5 |S 





Max. collector dissipation 


A.F. AMPLIFIERS IN TELEPHONE EQUIPMENT © LOW at 45°C = (mW) | 25 | 25 
POWER OSCILLATORS FOR TEST GEAR AND FOR A.C. 
BRIDGES * NULL & BALANCE INDICATORS FOR A.C. Max. ambient 


BRIDGES * A.F. PRE-AMPLIFIERS * COMPUTING CIR- temperature (°C) |}. 45 | 45 
CUITS * LOW POWER H.T. GENERATORS ~° BROAD- Typical current gain with 
CASTING STUDIO & THEATRE PROMPT & CALL DEVICES. grounded emitter} 30 | 50 




















INDUCTIVE REMOTE CONTROL SYSTEMS °<- &c., &c. 
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[Mullard | COMMUNICATIONS AND INDUSTRIAL VALVE DEPARTMENT, 
A MULLARD LTD, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 SA 
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Commentary 


HE Atomic Age burst upon the world with devastating 

effect when the first atomic bomb was dropped on 
Hiroshima in August 1945 and killed no less than 78 000 of 
its inhabitants. Ever since, mankind has been sorely perplexed 
by the ever-increasing power of mass destruction that nuclear 
fission has placed in our hands. “Bigger and better’”’ bombs 
have been tested from time to time during these uneasy years 
of peace and the latest bomb exploded at Bikini on March Ist 
of last year was, it was reported, equivalent in one blast to 
10 000 000 tons of TNT and five hundred times the power of 
the first bomb on Hiroshima. Such a bomb, it is calculated, 
would cause total destruction by blast over an area of 50 
square miles, severe damage over 200 square miles, ‘“‘moderate 
destruction” over 600 square miles and destruction by fire 
over 800 square miles ! 

With even more devastating bombs on the way to 
development it is excusable if the peaceful uses of atomic 
energy have been overshadowed by its more sinister 
applications, 

But the Atomic Age is now upon us and if the statesmen 
of the world can succeed in reducing the present world 
tension there begins to dawn a new era in which the peaceful 
uses offer unlimited possibilities for the benefit of mankind 
at large. 

The Atomic Age had its beginning in 1942 when the 
governments of the United States, the United Kingdom and 
Canada adopted an informal modus operandi for the develop- 
ment and manufacture of the atomic bomb. This plan, later 
formalized by the Quebec Agreement of 1943, arranged for 
the pooling of all knowledge and resources and for the 
manufacture in America of the atomic bomb itself. In the 
years that followed many attempts were made to put the 
development of atomic energy under international control 
under the supervision of the United Nations, and it is worth 
recalling that in May 1946 the British Atomic Scientists 
Association submitted to the United Nations Atomic Energy 
Commission a six-point proposal on these lines. In December 
1953 President Eisenhower in an address to the General 
Assembly of the United Nations put forward a plan to put 
atomic energy to work on an international basis, for peaceful 
purposes. In essence this plan called for a world stockpile 
of fissionable material to which each country having atomic 
resources would contribute, the stockpile and its use to be 
under the control of the United Nations, who would 
encourage world-wide investigation into effective peaceful 
uses of atomic energy. 

Drawing its inspiration from President Eisenhower’s 
address, a small but highly important travelling exhibition 
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made its debut last month at the South Bank, London. It was 
the “Atoms for Peace’ Exhibition sponsored jointly by the 
United States Information Service and the United Kingdom 
Atomic Energy Authority. 

After a short stay in London the Exhibition, which is 
housed in five large mobile trailers, left for a tour of Britain 
which will last some five months, during which time it will 
visit the principal cities of this country and will seek to 
explain in simple language “the endless possibilities for 
improving world standards through international co-opera- 
tion in the peaceful use of atomic energy’. With the help 
of films, models and visual aids the layman, for whom the 
Exhibition is primarily intended, will be able to judge the 
practical form the peaceful applications are taking. 

It shows, for example, the rapid developments that have 
taken place in the application of radio-active isotopes to 
medicine, industry and agriculture with some of the quite 
startling results which have been achieved. 

The ‘Atoms for Peace” Exhibition is, however, only part 
of a wider plan for the development of the peaceful uses of 
atomic energy, for there is being held in August, the United 
Nations Atoms for Peace Conference at Geneva, having as 
its aim “to encourage a co-operative approach by scientists 
on the problem of making the atom a constructive thing for 
man’s future, and to help the nations which are less informed 
on atomic work, better to understand and appreciate the 
potentialities of atomic energy in terms of their own future 
developments.” 

Of the 52 nations which have already promised to attend 
the Geneva Conference, 23 governments, the United Nations 
and three of the United Nations specialized agencies have 
submitted a total of over 900 abstracts of scientific papers to 
be presented, the major contributions coming from the 
United States and the United Kingdom. 

Apart from the scientific contributions, the United 
Kingdom is staging two exhibitions. One of these is purely 
scientific in character and is principally intended for members 
of the delegations attending the Conference. Sponsored by 
the United Kingdom Atomic Energy Authority, it will be 
mainly concerned with nuclear reactors for research and for 
the generation of power, and with the associated specialized 
instrumentation which has been developed in this country. 

The second exhibition, of more general character, will 
provide a survey of the peaceful applications of atomic 
energy in Britain. Among the subjects it will introduce, will 
be the world’s first full-scale atomic power station now being 
erected at Calder Hall as part of this country’s ten-year power 
station programme. 
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A SPEEDMETLER... 


for use at high Traffic Hows 





By I. B. Laker* and P. D. Whiting*, B.Sc. 


This article describes an instrument capable of measuring the speed of vehicles passing along a road 
at speeds between 15 and 70 mile/h under conditions where the flow of traffic is high. 

It is operated by detector tubes on the road and uses a milliampére-second meter operating on 
a known current to measure time intervals. It includes an arrangement of switches and relays 
which enable it to be used to measure at will the speed of vehicles passing over the detector tubes 
in either direction. 


A* instrument for measuring the speeds of vehicles at 
high traffic flows has been developed at the Road 
Research Laboratory. The time taken by a vehicle to pass 
between two detectors a known distance apart is measured 
with a milliampére-second meter operating on a known 
current. Speeds in miles per hour are found by dividing 
a constant by the meter-reading, the constant being calcu- 
lated from the current and the distance apart of the 
detectors. 

The layout and circuit of the instrument are so designed 
that speeds can be measured in one direction without inter- 
ference with the speedmeter from the opposing stream of 
traffic. 

The speedmeter described in this article was designed to 
measure speeds of individual vehicles where high traffic flow 
was expected. The requirements of the instrument were 
that: 

(1) It should record and reset in less than the minimum 
time interval between vehicles. 

(2) It should measure speeds of traffic in either direction 
at will without interference from opposing traffic. 

(3) It should be easy to read. 

(4) It should be easily portable and operate from an 
accumulator. 


Principle of Operation 

The speed of a vehicle is determined by measuring the 
time taken to pass between two detectors on the carriage- 
way a known distance apart. The instrument used to 








* Road Research Laboratory, Department of Scientific and Industrial Research. 
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measure this time is a milliampére-second meter which is 
basically an electromagnetically damped milliammeter with 
no pointer return spring. When a vehicle passes over the 
first detector a known current is switched through the 
meter until passage of the vehicle over the second detector 
switches off the current. The meter indicates the total 
quantity of electricity that passed through it in this time. 
Knowing the current switched through the instrument, the 
time interval to pass between the detectors can be deter- 
mined. The circuit is so designed that by incorporating two 
extra detectors, interference from opposing traffic is 
prevented. 


General Description 

The apparatus has three main parts, the detectors, the 
switching unit and the meter unit. The power supply is a 
12V, 65Ah accumulator, which is sufficient to record over 
10 000 vehicles. 


DETECTORS 

The detectors may be of any pattern that closes an elec- 
trical contact for longer than 3msec. So far the instrument 
has been used with pneumatic tube and diaphragm 
detectors (Fig. 1). The passage of a car wheel sends an 
air pulse down the tube which moves the diaphragm and 
closes an electrical contact. The four detectors are laid 
down in pairs. A vehicle travelling in the direction 1234 
is timed between detectors 1 and 3, while detectors 4 and 2 
prevent interference from opposing traffic. Similarly when 
timing a vehicle travelling in the direction 4321 the opera- 
tive detectors are 4 and 2, while detectors 1 and 3 prevent 
interference from opposing traffic. 
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SWITCHING UNIT 

The pulses from the detectors are passed to the switch- 
ing unit which contains the electromagnetic relays neces- 
sary to switch current through the meter unit and to prevent 
pulses caused by opposing traffic from affecting the meter. 
Two manually operated push-button switches on flexible 
leads are connected to the switching unit; these are used to 
make the apparatus sensitive to vehicles in either direction 
as desired. A rotary switch is incorporated for use in test- 
ing by simulating the action of a vehicle passing over the 
detectors. 


METER UNIT 

The meter unit houses the milliampére-second meter, a 
milliammeter and a coarse and fine rheostat control to set 
the desired current. The milliampére-second meter, which 
has an 8in dial to facilitate reading, is calibrated in 50 
divisions from 0 to 5 milliampére-seconds. 


Field Procedure 
Fig. 2 shows how the instrument is set out for use inside 
a vehicle. Two operators sit in the rear seats; one operates 
and reads the instrument, while the other notes the readings. 
A vehicle whose speed is required is selected and the 
appropriate push-button switch closed according to the 
direction. When the meter has recorded, the milliampére- 


‘ seconds are read and noted by the second observer; the 


pointer is automatically returned to zero by releasing the 
push-button. Once a vehicle has recorded, the speed of a 
second vehicle cannot be recorded until the push-button 
switch has been released and closed again. The meter read- 
ing is converted into speed by dividing the recorded figure 
into a constant calculated from the tube spacing used and 
the current in the meter circuit. 

The resetting time of the milliampére-second meter is a 
maximum ofa fifth of a second from full-scale deflexion, 
so that the rate of recording depends upon the skill of the 
observers rather than upon the performance of the instru- 
ment. It has been found possible in practice to obtain 
timings of vehicles passing at a rate of one every two 
seconds. 


Circuit 

The circuit diagram is shown in Fig. 3 with all the relays 
de-energized. Four high-speed Siemens type relays A, B, C 
and D are used, needing a pulse length of 2 to 4msec to 
operate them; F and G are G.P.O. type 3000 relays need- 
ing a pulse.of 30 to 40msec, while relay E is the same 
G.P.O. type with a heavy metal slug giving it a long release 
time of the order of 200msec. S, and S, are hand-operated 
press button switches and §, is the rotary test switch. 


MEASUREMENT IN DIRECTION 1234 

Switch S, is closed, which operates relays E and F with 
their contacts and also lights an indicator bulb. As the 
wheel of the vehicle strikes detector 1 an electrical pulse 
flows through diaphragm contact 1, contact F, (which is 
in the energized position) and contact A,, so that relay C 
is energized. This is locked by its own contact C, and 
current flows through the milliampére-second meter via 
contacts F,, C,, D,, F, and F,; C, also removes the shunt 
across relay D, thus preparing for its subsequent operation. 

When the wheel of the vehicle causes diaphragm contact 
3 to close, a pulse passes through contacts F, and B, 
and energizes relay D. This is locked by contact D, and 
the meter circuit is broken. After the reading on the meter 
has been noted switch S, is opened which releases all the 
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Fig. 1. Layout of detectors 


relays except E; since relay E has a release delay of 
about 200msec, contact E, remains closed, allowing a 
reverse current to pass through contacts E,, G,, F;, through 
the meter and back through contacts F, and G,, thus reset- 
ting the needle of the meter to zero. When relay E finally 
releases contact E, opens and reduces the reverse current to 
about 1mA; this is to ensure that the pointer is held back 
at the zero stop. 


MEASUREMENT IN DIRECTION 4321 

Switch S, is closed, which operates relays E and G with 
their contacts and lights a second indicator bulb. The action 
is similar to that described in the last paragraph. Passage of 
the vehicle over detector 4 energizes relay C via contacts 
G, (energized position) and A,, causing a flow of current 
through the meter. When the vehicle crosses detector 2, 
relay D is energized via G, and B,, thus breaking the circuit 
to the meter. 


INTERFERENCE FROM OPPOSING TRAFFIC 

Since the operation is symmetrical we need only con- 
sider the case in which vehicles in direction 1234 are 
being timed. Switch §, being closed, relays F and E 
are operated as before. Contacts of detector 4 will 
be the first to be operated by the passage of an opposing 


Fig. 2. The instrument mounted in a vehicle 
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vehicle’s wheel, causing a pulse through contact G, energiz- 
ing B relay which momentarily makes contact B,. The 
next pulse will be received through diaphragm contact 3, 
contact F, and contact B,, but contact B, stays made 
sufficiently long for the pulse to pass back through B, to 
relay B and not relay D, thus isolating the pulse received 
from diaphragm contact 3 from the meter unit. Diaphragm 
contact 2 will be the next operated; the pulse will travel 
through G, energizing relay A which momentarily makes 
contact A,. Finally diaphragm contact 1 is made and sends 
a pulse through contact F, to A,, but contact A, stays made 
sufficiently long for the pulse to pass back through A, to 
relay A and not to operate relay C, thus isolating the pulse 
received from diaphragm contact 1 from the meter unit. 





It is, however, possible for interference to occur if two 
opposing vehicles strike either pair of detectors simul- 
taneously, but this occurrence is rare. The detector tubes 
must all be the same length to ensure that the passage of 
the air pulse to each diaphragm contact takes precisely the 
same time. 


Calibration of the Milliampére-second Meter 

The milliampére-second meter was calibrated against an 
instrument which measures short time intervals to an 
accuracy 1 in 20000. The latter consists of a Deka- 
tron scaling unit or high speed electronic counter used in 
conjunction with an oscillator controlled by a 100kc/s 
quartz crystal. Time intervals of varying length were 
obtained by rotating test switch §,. The time is slightly 
underestimated by the milliampére-second meter and in 
practice can be allowed for by making a 2 per cent correc- 
tion. The particular milliampére-second meter used in this 
instrument is recommended for use between 25 and 50mA 
and calibration charts have been made to cover this range. 


Spacing of Detectors 

The accuracy to which the meter can be read is constant 
throughout the scale and so the accuracy of an estimate of 
speed is poorer at high speeds than at low speeds. The 
selection of the detector spacing must be a compromise on 
the basis of the lowest speed to be recorded and the 
accuracy at high speed. The variables to be considered are: 
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v—speed in mile/h 
x—tmilliampére-second meter reading 
L—detector spacing in feet 
A—current in milliampéres 
V.—lowest speed to be measured 
X.—highest meter reading in milliampére-seconds 
Ax—maximum error in reading x 
Av—corresponding error in v due to error in reading x 
We can derive the relationships: 
Wee yb aie BY. ee I fae ast epee (1) 
Av = 22/15. v?/LA . Ax = v*?/VoX. . Ax (approx.) 
For this particular instrument X, is 5 milliampére-seconds 
and in practice the scale can be read to the nearest half 


Ff 


G 


r- 


/ g 


SB 


rs —External leads to meter unit 
Fig. 3. The speedmeter circuit 
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division or 0-05 milliampére-second, hence Ax = 0-025. 
Thus: 


Av = v?/200V. 
Values of Av for different values of V. are as follows: 
Vo Av 

(Max. errors Error in Error in 
(Min. speed in estimate mile/h at mile/h at 
in mile/h) of speed) 30 mile/h 60 mile/h 

5 v?/1000 0-9 3-6 

10 v?/2 000 0.45 1:8 

15 v?/3 000 0:3 1-2 

20 v?/4 000 0:22 0:9 


For investigations on rural roads the minimum speed was 
taken as 15 mile/h giving a maximum error of 1:2 mile/h 
at 60 mile/h. Substituting V.=15 mile/h and X, = 
5 milliampere-seconds in equation (1) we get: 

LA = 110 


The recommended range of current for this milliampére- 
second meter is 25 to 50mA, hence L should be between 
2:2ft and 4-4ft. Since the percentage error in laying the de- 
tectors will be less at the wider spacing, 4-4ft is preferable. 
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Automatic Square Rooting 


By E. H. Lenaerts* 


A method is described by which the facility for automatic square rooting can be incorporated in 


a computer of the LEO type‘ 


8 It is found that this can be provided with a minimum of extra 


circuits, the register and other facilities needed, being already required for other computing processes. 
By this method the time taken to evaluate the square root of a 40 digit number is reduced to 
6:-4msec as compared with 80msec using programmed square root. 


O few contemporary calculating machines appear to 

have been built with the facility of automatic square 
root, that one tends to assume that such a facility can only be 
achieved by excessively complicating an already complicated 
machine. This idea tends to be corroborated by the 
tortuous sequences introduced into programmes to evaluate 
square roots. 

Although LEO is fundamentally an accounting machine, 
and therefore not lixely to use such a facility to any extent, 
sufficient mathematical work has been done on LEO I to 
justify considering the possibility of incorporating in LEO II 
a means of evaluating square roots automatically. 

It has been found that far from requiring a lot of com- 
plicated circuits, it is possible to provide this facility by 
means of simple additions to existing circuits such as are 
already available for carrying out multiplication and 
division. 

These arrangements are based on the method by which 
one learned to obtain square roots at school, which starts 
with the digits of the number being marked off in pairs 
starting from the decimal point. By dealing with each pair 
in turn a digit of the result is obtained. (Example I illus- 
trates this method). 





V¥25769 
ree 
1 [0257 69-0000 
1 
26/157 
156 
$20 “Pees 
000 
3205 /16900 
16025 
32102 787500 
64204 
23296 





The first result digit obtained is one which when squared 
can be subtracted from the most significant pair of digits of 
the number to give a partial remainder. For each pair of 
digits after the first, the partial result is doubled and a new 
result digit is obtained such that when multiplied by the 
doubled partial result plus the new result digit, it will sub- 
tract from the partial remainder and give a positive 
remainder. 

If the number N = an 10 + an, 107"-" etc., and 
Rn, Rn_,, Rn-2, etc., are the successive partial remainders, 
then the result digits dn, dn-, etc. obtained are such that: 


* J. Lyons and Co. Ltd. 
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= N — dy?10" 
Rn, = Rn — (2dn10 + da-,)dn-,10°"-” 
= N — (dn10" + dn_,10°~’)’ 
Ro. = N — (dn10" + dn_,10°~* + dn-.10°~*)? 


Thus when R is sufficiently small, N is equal to the 
squared result. 


This method works well in the binary code because it is 
essentially a binary process, and no alteration to the partial 
result is required other than to add the new digits to it. 

At each step the factor to be deducted is found by taking 
the partial result so far obtained, and adding 01 or 00 to 
it in the next least significant positions, according to 
whether or not it “will go” and multiplying the result by 
the digits so added. (Example 2 gives an illustration of the 
system used in extracting the square root of a binary 
fraction.) 





Vv *001 000000 01 011101 071 

oe ek SS A be ae ee 

1/°001 000000 011 01 1110/1 0111 
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100 0100 
000 
1001 /010000 
1001 
10101 /0011100 
10101 
101100 /0011110 
00000 
1011001 /1111011 
1011001 
10110100 /10001010 
00000000 
101101001 /1000101010 
101101001 
1011010101 /1100000111 
1011010101 
0000110010 





When the requirements of this procedure are translated 
into the circuits of a serial computer such as LEO it is 
found that four facilities are required, namely: 


(a) An Accumulator in which is held, first the number to 
be squared-rooted, and later the partial remainders, and 
in which it is possible for a partial remainder to be 
shifted one place to the left after each step. 

Associated with the accumulator register is an arith- 
metic circuit which permits numbers applied to it to 
be added to or subtracted from its prior contents. 

It is usual for the accumulator of a digital computer 
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EXAMPLE 3 
ESC. 
STAGE | SUB- OPERATION ACC. ACCUMULATOR PULSES RESULT 
| STAGE SIGN (E) (R) 
| | 00100000001011101011 , 1000000000 | 0000000000 
A Subtract R + E/2 | 01000000000 
a | ze 1.11100000001011101011 | 
; | js Add back 01000000000 
| ( 
ee | (+) 0010000000101 1101011 
re 4 Shift 01000000010111010110 , 0100000000 
papas Subtract R+ E/2 | | 00100000000 
‘a. | | (+) 001000000101 11010110 | 
B Stack result | 0100000000 
| c Shift | 01000000101110101100 | 0010000000 
| [a Subtract R + E/2 01010000000 | 
| (—) 1.11110000101110101100 | 
3 | Js Add back 01010000000 
} ! 
| (+) 01000000101110101100 
| | 
c | Shift | 10000001011101011000 | 0001000000 
A Subtract R + E/2 | | 01001000000 | 
(+) 00111001011101011000 | 
4 
|)» Stack result | 0101000000 
te Shift 01110010111010110000 | 0000100000 
| A Subtract R + E/2 01010100000 | 
5 | (+) 00011110111010110000 | 
je | Stack result | 0101100000 
‘se Shift | 00111101110101100000 | 0000010000 
i (A Subtract R + E/2 | 01011010000 | 
| Gud 1.11100011110101100000 | 
6 { B Add back 01011010000 | 
{ 
| 00111101110101100000 | 
| le Shift | 0111101110101 1000000 | 0000001000 
| (a Subtract R +E/2 | 01011001000 
a | | & 00100010101011000000 | 
; 
B Stack result 0101101000 
! ers Shift | 01000101010110000000 | 0000000100 
‘ * Subtract R + E/2 01011010100 
| (=) 1.111010101101 10000000 
er aaeee Add back 01011010100 
| | (+) 010001010101 10000000 
c Shift 10001010101100000000 | 0000000010 
A Subtract R+ E/2 01011010010 
9 | (+) 001 1000001 1 100000000 
B Stack result 0101101010 
c Shift 011000001 11000000000 | 0000000001 
A Subtract R + E/2 01011010101 
10 ! Pe 000001 10010000000000 
B Stack result | 0101101011 
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to be capable of holding a double-length number such 
as may result from multiplying two normal-length 
numbers together. Conversely a double-length number 
held in the accumulator may, by the method described, 
be square-rooted or divided to give a result which is 
a normal length number. This register is the same as 
would be used in such multiplication and division 
processes. 

A Result Register in which the digits of the result are 
accumulated. Once again this register is already needed 
for holding the result of a division process or one of 
the factors during multiplication. 

(c) An “Escalator Register” providing the trial digit 
which starts in the most significant position and is pro- 
gressively stepped down one position at each stage of 
the sequence. This register is used in a similar way 
during multiplication and division. 

A Sign Indicator which according to the sign of the 
accumulator will provide voltages which can control 
the opening and closing of gates. This again is needed 
for purposes other than square rooting. 


The sequence proceeds in the following stages: 


(1) The escalator digit is subtracted from the number in 
the accumulator. In applying the escalator digit to the 
accumulator it is arranged that its phase is such that it 
appears to be shifted one place to the right, that is, 
divided by 2. 

(2) If, as a result of (1), the accumulator remains positive 
then the same escalator digit is stacked as a result digit 
in the result register. 

(3) If as a result of (1), the accumulator becomes nega- 
tive, then the same escalator digit is added to the 
accumulator thus restoring it to its original state. In 
this case no digit is stacked in the result register. 


The partial remainder in the accumulator is shifted one 
place to the left. 


(5) The escalator digit is stepped one place to the right. 


(6) The partial result in the result register is mixed with 
the escalator digit, (as before phased as if its signifi- 
cance were divided by 2), and the resulting pattern 
is subtracted from the contents of the accumulator. 


(7) If, as a result, the accumulator becomes negative, then 
the pattern is added back again. On the other hand, 
if the accumulator remains positive, then the escalator 
digit is stacked as a result digit in the result register. 


(8) The process continues as in (4), (5), (6) and (7), until 
the escalator digit has been shifted to the least significant 
position of the escalator register. 

It is convenient to arrange that numbers to be square 
rooted are scaled so that the most significant “1” is at 
least one position removed from the binary point. This is 
assumed to be immediately to the left of the most signifi- 
cant digit position. This is done so that at no time is a 
“1” shifted to the left of the binary point, a position 
which is regarded as indicating a negative number when 
occupied by a “1 ” digit. 


(b 


(d 


— 


(4 


— 


Computer Sequence 

The computer sequence may be considered as consisting 
of a number of stages—one for each binary digit permis- 
sible in the result. Each stage consists of three sub-stages, 
A, B, and Cc. 
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A is the action stage in which a pattern is subtracted from 
the accumulator; 


B is the result stage in which, according to the sign of 
the accumulator, either a result digit is stacked or the 
pattern is added back to the accumulator; 


C is in preparation for the next stage, the contents of 
the accumulator and the escalator digit being shifted. 
In fact, stages B and c take place at the same time, so 
that the time taken to complete the whole operation 
in LEO where a word consists of 40 digits is 6-4msec. 


This compares very favourably with the time for pro- 
grammed square root which is 330msec on LEO I and 
80msec on LEO II for a 40 digit number. In the automatic 
process no extra time is needed if the number to be square 
rooted is a double length number resulting from previous 
arithmetical operations in the accumulator. Programmed 
square root in this case could only be done by using 
double-length arithmetic which would take considerably 
longer. 


insert number 





to be —> 
square-rooted 
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start * | 
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ESCALATOR 
shift a REGISTER 
c ine ACCUMULATOR] 
RESULT 
REGISTER 
B 93 
SIGN 
INDICATOR 
negative T 
positive 
Fig. 1. Simplified diagram of computer elements involved 


Fig. 1 is a highly simplified diagram of the inter-con- 
nexions of computer elements involved. This shows how 
during stage a, the escalator digit mixed with the contents 
of the result register is gated into the accumulator (g,) via a 
subtracting mechanism. The sign indicator is used in sub- 
stage B to decide whether the escalator digit should be 
stacked as a result digit (g,) or whether the pattern sub- 
tracted should be added back (g,) to restore the accumu- 
lator to its previous condition. In sub-stage c_ the 
accumulator contents are shifted one place to the left (g,) 
and the escalator digit one place to the right (g,) in prepara- 
tion for the next stage of the sequence. 

The end of the sequence is reached and indicated by the 
arrival of the escalator digit in the least significant posi- 
tion of its register. (Example 3 gives the contents of the 
registers of the calculator at each stage of the sequence. 
A word length of 10 digits has been used to simplify the 
example). 
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Ceramic to Metal Sealing 


Its Development and Use in the American Radio Valve Industry 


By D. E. P. Jenkins*, B.Sc. 


This is a review of the American literature published to date on Ceramic to Metal Sealing includ- 

ing reports on the symposium held on this work in 1953. Some of the advantages and disadvan- 

tages of ceramics in valves are mentioned; the established sealing processes and investigations 

into the seal mechanism are described. Photographs show typical American valves using ceramics 
and ceramic to metal seals. 


LLIED technical teams visiting Germany after the war 

found that the Telefunken Laboratories, Berlin, had 
during the war developed a process for making vacuum 
tight valve envelopes, using ceramic materials instead of 
glass. The technique had not been perfected and the 
ceramic, a steatite body which was manufactured at the 
laboratories, was of poor quality, but it was significant that 
the German technicians felt justified in producing ceramic 
valves of this type, when the process was in such an early 
stage of development. 

The allied technicians quickly realized the possible 
advantages of using a valve envelope of ceramic material, 
and consequently the American services placed contracts 
with various research bodies, for development work 
on ceramic to metal seals and their application to the manu- 
facture of ceramic enveloped valves. The results of these 
investigations have been fully described in the literature, 
and ceramic valves have been manufactured ranging from 
miniature triodes to large tetrodes and klystrons. Some 
of the effort has been directed towards the use of ceramic 
techniques and materials in the production of reliable 
valves, and many designs have been tried using this new 
approach. Two main techniques were evolved and are 
now in use, but research and development work still con- 
tinues, and during a symposium held in April 1953 various 
workers described the results of their investigations into 
the development of simpler techniques and more suitable 
ceramic materials. A later publication describes the use of 
a third method for ceramic valve assembly. 


The Use of Ceramics in Valve Envelopes 

In order to decide whether the use of a ceramic 
material as an envelope in a radio valve is justified one has 
to bear in mind the advantages and disadvantages to be 
expected from the properties of the material itself and the 
difficulties involved in making a ceramic envelope. 

The following are some of the possible advantages: 

(1) The limiting factors on the outgassing temperature 
are the softening point of the braze and the expan- 
sion match of the ceramic and its sealing metal. 
In any case, one would expect to be able to out- 
gas at about 700°C to 750°C. This is better than 
with a glass valve, and in some assemblies it might 
be possible to do without a “ getter”. 

(2) Due to the high temperature seal, a ceramic valve is 
able to operate at higher temperatures and therefore 
dissipate more power than a glass valve of similar 
dimensions. 





* Research Laboratories, The General Electric Co. Ltd., England. 
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(3) Closer tolerance in envelope manufacture would be 
obtained since ceramics can be ground to accurate 
dimensions. 


(4) At high frequencies certain ceramics have lower loss 
factors than the best glasses, and for a given power 
there is less dielectric heating in the ceramic material. 
This means that up to the safe maximum operating 
temperature the ceramic can pass more high fre- 
quency power than glass, 


On the other hand, the following disadvantages can be 

mentioned : 

(1) A good thermal expansion match between the ceramic 
and sealing metal is difficult to achieve in the limited 
range of materials suitable for ceramic valve manu- 
facture. 


(2) Of many possible types of ceramic-to-metal seals, 
only one, the compression seal, is suitable for use in 
valve envelopes. Butt seals and other seals, where 
the ceramic is in tension tend to be rather weak and 
are not generally used. 


(3) Generally speaking, ceramics with expansions of the 
order of 7 to 10 x 10-* have poor thermal shock 
properties. Certain ceramics with low expansions 
have good thermal shock properties, but these are 
difficult to match. 


(4) The grinding of ceramic surfaces sometimes causes 
cracks to appear during subsequent processes. 


(5) The ceramic material is opaque, which means that 
electrode assemblies cannot be visually examined 
after sealing. 


(6) The ceramic to metal seal must be mechanically 
strong, and leak-tight over the range of operating 
temperatures, therefore the bond to the ceramic must 
be good and the braze must be of high quality. The 
metals used in bonding to the ceramic are usually 
active or refractory, and this immediately imposes 
a limitation, namely, that the seal making tempera- 
ture, which is in the 1000°C to 1400°C range, 
must be done in a protective atmosphere. The high 
temperature furnaces must therefore be of the 
vacuum, inert gas, or hydrogen gas type. 


The general feeling among valve engineers seems to be 
that the use of ceramic materials in valve envelopes, and 
as power output windows for high frequency devices, is 
justified by the advantages gained over glass in the tem- 
perature and frequency ranges in which the modern valve 
may be required to operate. é 
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General Background 

A study of’ the literature shows that the problem of 
making a ceramic to metal seal, brazed with a high tem- 
perature solder and capable of withstanding a subsequent 
high temperature bake, has been investigated along three 
separate lines; (a) by applying a strongly adhering layer 
of metal to the ceramic and then brazing the metal 
member to this; (b) by using an alloy of an active metal 
which bonds directly to the ceramic and brazes to the 
metal member in one operation, and (c) by making a 
“graded seal” from ceramic to metal using graded mix- 
tures of ceramic and metal powders. 

The techniques involved in the first approach are described 
in two patents specifications. The first, by Schirmer’ in 1936, 
where he described a method in which a layer of metallic 
oxide was painted on to the ceramic material. This was 
fired in air and then in a reducing atmosphere, giving a 
final surface layer of metal which was firmly bonded to the 
ceramic by the unreduced base layer of oxide. The other, 
by Pulfrich* in 1937, where a layer of molybdenum, tung- 
sten or rhenium metal powder was painted on to the 
ceramic surface and then sintered in a reducing atmo- 
sphere. This gave a strong bond between the metal and 
the ceramic. There is no evidence of Schirmer’s method 
being used on a large scale in America, but experimental 
valves have been made in this country using an oxide 
sealing method. These were shown at the 36th Physical 
Society Exhibition®®. Pulfrich’s method was used in a 
modified form, at the Telefunken Laboratories, Berlin’, 
for the production of ceramic envelope valves. Iron was 
added to the molybdenum powder to improve bonding. 
Nolte and Sprunk”’ later, in America, made a further 
modification to this process by adding manganese powder 
to the molybdenum powder before sintering; ; this has 
become known as the “ molybdenum-manganese”’ sealing 
method and is now one of the processes in regular use for 
valve production by American valve manufacturers. 

The second approach to the problem was described in 


hydrogen for half an hour at a temperature within 
50°C of the softening point of the ceramic being 
used. This treatment causes the powder mixture to 
bond firmly to the ceramic, and become conductive. 


(3) The bonded metal layer is now electroplated with 
copper and nickel to improve wetting during the 
brazing operation. 


(4) The electroplated layers are sintered for half an hour 
in wet hydrogen. 


(5) The body is now assembled with the brazing metal 
in position, and the braze completed in the normal 
way in hydrogen. 

There are many other combinations of metal powders 
which can be used for this work, where the sealing tech- 
niques are very similar to those described above. Table 1 
tabulates these combinations and at least one American 
valve manufacturer uses** the 10 per cent iron, 90 per cent 
tungsten combination. 


(b) THe AcTIVE METAL HypDrRIDE PROCESS 

The pre-cleaned ceramic is painted with a layer of 
titanium hydride powder in a suitable binder; this is 
allowed to dry and the metal parts and the alloying metal 
located in position. The fully assembled body is then 
heated to 1 000°C in vacuum (at least 10-*mm Hg), or very 
dry hydrogen. The alloying metal must not have a melting 
point above 1000°C. The hydride dissociates into hydro- 
gen and active metal, and the latter alloys with the metal 
already located in position (e.g. pure silver). This alloy 
bonds to the ceramic and brazes to the metal member of 
the envelope in one operation. 


Recent Trends in Processes and Material 

Many ceramic and metal combinations have been 
reported to give vacuum tight seals; some of these are 
tabulated in Table 2. Alsimag 243 ceramic has been used 
a great deal for this work on account of its low dielectric 


TABLE 1 
Powder Mixtures for Ceramic Seals 





METAL POWDERS ALONE 


MIXTURES CONTAINING MANGANESE | 


MIXTURES CONTAINING IRON 





Mo, W, Rh?®, 11, 4, 6 
Fe, Ni, Ag, Cu. ® 


10% Mn with :— 
Fe, Mo, W, Ni® 
20% Mn with 80% Mo! 


| 30% Fe with 70% Mo® 
| 4% Fe with 96% Mo, ™ 
10% Fe with 90% W2* 








1947 by Bondley’’, where a layer of titanium hydride 
powder was painted on the ceramic surface, the body 
assembled with a ring of silver in position and then heated 
to 1000°C in vacuum or pure dry hydrogen. This tech- 
nique of using titanium hydride has also been established 
as a process for ceramic valve manufacture. 

The method for making graded ceramic to metal seals 
is described by Knecht*’**, but this method does not seem 
to have progressed beyond the experimental stage. Of 
these methods, therefore, two have become well established 
in the valve industry for the production of ceramic valves. 


The Processes 
(a) THE MOLYBDENUM MANGANESE PROCESS 


(1) The pre-cleaned ceramic is painted (or sprayed) to a 
thickness of 0-00lin to 0:002in, with a mixture of 
finely divided molybdenum and manganese powder 
held in a suitable binder. 


(2) This coating is air dryed and then sintered in wet 


JULY 























TABLE 2 
Ceramic Metal Combinations 
CERAMIC MATERIAL | 
| METAL 
TYPE NAME 
Forsterite | Alsimag 243 50% nickel iron *, *’, 1° 
| 46% nickel iron ”, *’, %¢ 
| 51% nickel iron ** 
| 16% chrome iron }°, 1” 
Steatite Alsimag 196 | Kovar * 
Telefunken Labs. | 42% nickel iron 
| 46% nickel iron 
Zircon | ZI7A | Molybednum®? 
Z14 | Molybdenum*? 
| Kovar*’ 
Alumina | Alumina Copper : Nickel *’ 
Al 200 | Kovar*? 
Alsimag 491 | 44% nickel iron’® 
Alumina 2548 | 44% nickel iron’ 
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loss properties at high frequencies, but alumina ceramics 
are now being used increasingly. Their loss properties are 
in general not as good as the forsterites, but they have 
better resistance to thermal shock since their thermal expan- 
sion is lower and tensile and compressive strengths higher. 
It is of interest to note that copper and nickel have been 
sealed directly to the aluminas. The Eimac valve 
2C39B (Fig. 1) is made using high conductivity 
copper sealing directly to the ceramic for anode and grid 
shells. Typical expansion curves are given in Figs. 2 and 
3 for Alsimag 243 and Alumina materials together with 
their sealing metals. The room temperature loss factor at 
10000Mc/s of Alsimag 243 is 0-00117* and Corning glass 
7070 is 0:008%*, while that of Coors A1200 Alumina is 
0-0158°°, and Alumina No. 2 548, 0-0039°’. 

Dolittle** has investigated the various known processes 
for ceramic to metal sealing, and an extract from his con- 
clusions reads as follows”’: 

For small assemblies not required to insulate high 
voltages at high frequencies, the molybdenum metalliz- 





Fig. 1. Eimac 2C39B. Planar triode. 
Output power 15SW at 2 500Mc/s. 


ing process is to be preferred. Quantity production set- 
ups are feasible for fairly rapid production. 

The vacuum hydride process is preferable for large 
asscmblies. 


(a) The brazing cycle is faster, consisting of fewer 
operations. 


(b) Parts are more thoroughly outgassed. 
(c) Controlled atmospheres are eliminated. 
(d) High chrome alloy metal parts may be used. 


However, a later report”* indicates that the molybdenum- 
manganese process is preferred by the radio valve manu- 
facturers, although the hydride process is still used. 


Process Investigation 
(a) MOLYBDENUM MANGANESE PROCESS 

The mechanism of the bond which exists between the 
ceramic and the layer of refractory metal has been dis- 
cussed in the literature. One hypothesis is that the action 
is a diffusion of metals into the ceramic and possibly the 
bond is created by a peculiar arrangement of crystals at 
the interface. Another is that solid reaction takes place 
because of loosening of the atomic bonds by thermal 
agitation permitting mutual diffusion of the different atoms 
into adjacent parts of the structure**. Kingery** and 
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Pincus'':*’ have dealt with the problem more fully. Pincus 
deals at length with the molybdenum-manganese process 
and he proposes*’ an interpretation of the mechanism of 
adherence in the case of an alumina and a forsterite 
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ceramic. The importance is shown of the formation of 
manganese oxide in hydrogen which contains more than 
about 0-001 per cent by volume of moisture. This slag 
interacts with the alumina to form manganese aluminate 
spinel, and at 1 400°C sintering occurs with the molyb- 
denum particles. In the case of the forsterite ceramic the 
sintering occurs at 1 350°C. Pincus’ second paper*’ dis- 
cusses the formation of oxides and it is shown that the 


JULY 1955 


TE aT iS Raed 


TIT 0. 





PEI SOE eS TT 











controll 
moting 
making 
oxygen 
face sc 
temperé 
dissocia 
Control 
molybd 
aluminz 


(b) Act 


Ane 
titaniun 


Fig. 4. 
Plana 
Outpu 





12kW pea 


columbi 
is report 
hydride. 
viously 
with the 
heated t 
and me 
zirconiu 
bonds t 


JULY 

















































controlled formation of the oxide cf the adherence pro- 
moting metal still is a pre-requisite for successful seal 
_ making. For good adherence of molybdenum to alumina, 
f oxygen must be present at the ceramic-molybdenum inter- 
' face so that the metal oxide can be formed, and the 
_ temperatures must be high enough to cause appreciable 
' dissociation of some oxide constituent of the ceramic. 
| Controlled experiments with a mixture of molybdenum and 
' molybdenum trioxide powders gave penetration into the 
alumina at lower temperatures. 


oOo mmnm 


(b) ACTIVE METAL TECHNIQUE 


An early report by M.I.T.*' shows that in addition to 
titanium hydride the hydrides of zirconium, tantalum and 





Fig. 7. Machlett type EG-25. X-ray tube. 
42kV with wide angle Ceryllium window. 


hydride method. This is confirmed by later investigators*’, 
who state that an alloy of 10 per cent zirconium and 90 
per cent silver gives good wetting and bonding in vacuum 
on aluminas and zircons. Titanium cored B.T. solder (9 per 
cent titanium) also gives good results with alumina. These 
investigators have found that the active alloy technique is 
satisfactory only if carried out in vacuum. From the mass 
production point of view, processing in hydrogen is more 
desirable. A recent article’? from the same company 
describes a small ceramic valve made using a titanium 
cored copper-silver entectic solder at 900°C. From the 
appearance of the valve it would seem that the sealing is 
done under vacuum. 





Typical Ceramic Valves 
Fig. 1 and Figs. 4-8 are included to show some of the 


Fig. 4. Machlett type ML281. Fig. 5. RCA type 6181 v.h.f. power ceramic valves which have been manufactured. Little com- 
Planar power tetrode. tetrode. 





Geet nee OY Output power 1200W at 900Mc/s, Ment is needed, except to say that this is not intended to be 

2 500Mc/s. a full list of ceramic valves available at present in the 

American market. The Machlett valve types ML-281 and 
t EG-25 for example, are not in current production, and 
} Fr = are not available as catalogued items. Fig. 9 is a sketch 


Fig. 8. RCA type 6448 v.h.f. beam power tetrode. 
Output 12kW at 900Mc/s. 





Fig. 6. Eimac klystrons 3KS0000LA, F. & K. 
12kW peak output, Timing range covered by the three tubes, 370-890Mc/s. 


I 5 OF 


columbium also gave good results, and zirconium hydride 
is reported to give better wetting and bonding than titanium 
| hydride. Further investigations led to the use of pre- 
. @ viously prepared active metal alloys, placed in contact 
/ | with the ceramic and metal members. These alloys when 
heated to flow point, wetted and bonded to both the ceramic 

and metal. For example, an alloy containing 15 per cent 
zirconium and 85 per cent silver by weight, wets and 
bonds to the ceramic in much the same way as in the 
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ALUMINA 
ENVELOPE 








ALUMINA 
9 PIN BASE 


(9) (b) 


Fig. 9. Diagrammatic representation of:—— (a) Conventional 7 pin glass 


miniature 


valve. (b) Sylvania ceramic envelope 9 pin reliable valve 


showing the external appearance of the new Sylvania 
ceramic reliable valve. It is compared in size with a standard 
7-pin miniature valve. The new valve is unique in that it has 
a 9-pin ceramic base and the envelope is a closed ended 


alumina tube. 


The final seal is therefore a single step 


ceramic to ceramic seal. 
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A NEW HIGH SPEED RECORDING TUBE 


The illustration below is a reproduction of an untouched photograph taken by Mr. R. A. Fothergill of A.W.R.E. using 
20th Century cathode-ray tube type S6AB working at 20kV total accelerating potential. The sine wave is 500Mc/s with 
The horizontal sweep speed is approximately 650cm| psec. 


an amplitude of 2cm on the face of the tube. 


ELECTRONIC ENGINEERING 


294 


JULY | ‘1955 


"SPS AEA ROR 2 


—s 


POET IT 


eae TT REET 





Se le amc 


RIE 


oaEey 











LL 
de 
sub-st: 
of tin 
tion ¢ 
derivil 
standé 
signal 
ties. 
functi 
freque 
clock’ 
Thi 
lems, 
synch 
order 
publis 
when 
Roya 
Th 
ted, 
divide 
tainec 


catior 
clock 
drive 
Teliab 

Th 
Jorda 
ratio 
form: 
years 
the d 
equal 
of tr 
circu! 
It is, 
for tl 
each 
there 
volta 
quen 
all d 









rt 
Sr 


lic 
Bs. 
08 
of 


id 
ic 
th 
al 


). 


ic. 





TS 





= 


REO TET, Oe 





SE. 





A Decade Frequency Divider 


By R. B. Mobsby * 





A frequency divider developed for use with quartz crystal clocks is described. Dividers for this 

purpose should ideally remain in synchronism over periods of several years, with a minimum of 

scatter between output pulses. A well established counter circuit in which feedback reduces the 
division ratio of a series of binary pairs is employed. 


A methods of accurate frequency measurement 
depend ultimately upon comparisons between the 
sub-standard of frequency and the fundamental standard 
of time—and therefore of frequency—the period of rota- 
tion of the earth. The comparison is best made by 
deriving 1c/s from the radio frequency of the sub- 
standard and referring the pulses so obtained to time 
signals radiated under the control of astronomical authori- 
ties. The frequency standard and divider chain then 
function as a clock, the divergence from nominal of the 
frequency standard being apparent as a gain or loss in the 
clock’s rate. 

This sub-division to 1c/s presented a number of prob- 
lems, the main difficulty being to obtain reliable 
synchronized operation at this frequency with a low 
order of scatter between output pulses. Details had been 
published’'**, however, of a form of decade divider which, 
when reconstructed with modifications at the Greenwich 
Royal Observatory, was found to provide a solution. 

The Royal Observatory version was eventually adop- 
ted, with minor modifications, to replace the existing 
divider chain used with the group of oscillators, main- 
tained at its Tatsfield Receiving Station, which form the 
BBC’s Standard of Frequency. Its success has led to the 
development of additional circuits which widen its appli- 
cations. One of these enables a number of impulse type 
clocks, used for normal time-keeping purposes, to be 
driven from the frequency standard and so provide a 
reliable and extremely accurate time service. 

The divider consists basically of a chain of Eccles- 
Jordan trigger, or binary, pairs‘ whose overall division 
ratio has been reduced by means of feedback. Various 
forms of this circuit have become well known in recent 
years by their use in counting devices. In this application 
the divider fulfils the necessary requirements of (a) being 
equally responsive to either a periodic or a random rate 
of triggering, and (b) having ten stable states within the 
circuit from which an indication of count can be made. 
It is, however, particularly useful as a frequency divider 
for the following reasons: the circuit is inherently reliable, 
each binary pair having only two modes of operation; 
there is no low frequency limit of operation; supply 
voltages are not critical; it is quiescent if the input fre- 
quency is removed; a large output pulse is produced and 
all decade units in any divider chain can be identical. 


The Binary Pair 
The basis of the divider is, as stated earlier, the Eccles- 
Jordan binary pair, a form of which is shown in Fig. 1. 
The circuit is symmetrical, having nominally equal load 
resistors R, and cross-connexion networks C, R and Rg, 
the values of R and R¢ being so chosen that one valve has 
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a grid-cathode potential near zero when the other is cut 
off. The anode loads are connected to a common 
resistor Rp, which simulates a relatively high supply im- 
pedance and avoids short-circuiting the input pulses. On 
applying h.t. slight asymmetry will cause one valve, say 
V., to take more current than V, and the circuit event- 
ually reaches a condition of equilibrium where V, is fully 
conductive and V, is cut-off. 
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The basic circuit 





Fig. 1. 


If a negative pulse is now injected at the input, the 
anode potential of V, is suddenly reduced and a transient 
negative voltage is passed to the grid of V, via the coupling 
network R and C. This causes a reduction of anode cur- 
rent in V, resulting in the grid potential of V, moving in 
a positive direction. The anode potential of V, thus falls 
still further until eventually the second equilibrium con- 
dition—V, conducting V, cut-off—is reached. The change- 
over action is extremely rapid, being limited only by stray 
reactance. A further negative input pulse will cause a 
second reversal and provide a negative going transient at 
the output, thus effectively dividing the input pulse 
frequency by 2. 

The circuit is mainly sensitive to negative input pulses 
and Blume states that it discriminates against equivalent 
positive pulses in the ratio of 3:1, while the function of 
the.cross-connexion capacitors C has been described by 
Phelps’. 


Division by any Positive Integer 

To convert a chain of binary pairs to any division 
ratio less than 2" (where n is the number of pairs) it is 
necessary to provide feedback loops between selected 
stages in such a way that anomalous reversals are caused. 
These reversals have the same effect as additional input 
pulses, causing the circuit to act as if it had received 16 
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Fig. 2. The scale of ten divider 
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input pulses instead of 10 in the case 
of a conversion to scale of 10. Since 
a unique state, i.e., a different com- 
bination of conducting or non-con- 
ducting valves, exists for each input 
pulse applied to a chain of binary 
pairs, the effect of the feedback is to 
reduce the number of states and so to 
reduce the division ratio. 

The feedback loops may be applied 
between stages along the chain but 
from practical considerations are best 
taken from the final stage. 

The number of stages within the 
feedback loops may be determined 
quite simply. Firstly, if x is the 
required division ratio and n the 
number of stages, then the expression 
C = 2" — x determines C, the number 
of states that are required to be missed 
within the circuit in changing from a 
division ratio of 2" to x. It is then 
necessary to find the smallest set of 
binary numbers, 2°, 2”, 2°, etc., which, 
when summed, are equal to C. The 
number of stages within each loop is 
then equal to n-a, n-b, etc. 

Suppose, for example, the desired 
division ratio is 89. If the divider is 
to have a fixed division ratio we may 
select the lowest value of 2" above 89, 
which is 128 or 2’. Thus 7 stages are 
required. The number of states to be 
missed are 128 — 89 = 39. By inspec- 
tion we now find the smallest set of 
binary numbers which, when summed, 
are equal to 39. They are: — 


2° = 32 leaving 39—32 = 7 
2? = 4 * 7-4 = 3 
2 = 2 nS 3-2 = 1 
2°-:= 4 re 0 


Thus, four feedback loops are required, 
embracing 7—5=2, 7—2=5, 7—-1=6 
and 7 —0=7 stages. 


Division by 10 

A diagram of the scale of 10 divider 
is shown in Fig. 2 with the feedback 
path drawn in heavy line, while Fig. 3 
shows the state of the circuit for each 
input pulse. The assumption has been 
made here that the ‘original state,’ 
that is the state of the circuit prior to 
the first input pulse, is V,», Voa, Vo5a 
and V,,» conducting. 

For the first 9 input pulses the 
circuit behaves as an unmodified 
binary chain, a reversal occurring on 
the succeeding pair each time a right- 
hand triode conducts. After the 9% 
pulse, however, all the right-hand 
triodes are cut-off, consequently the 
10 causes each of these to conduct. 
This results in the first negative 
transient at the output and a positive 
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pulse on the feedback line (after phase reversal in Vsa). 
Since the valves to which feedback is applied, V.. and Vsa, 
are cut-off at this time, the positive pulse on their grids 
causes them to conduct and all stages revert to their 
‘original state’ before the arrival of the 11 input pulse. 

The output is taken from the anode of V,» to the suc- 
ceeding decade unit while an output for monitoring 
purposes, isolated from the divider proper, is provided by 
V3». 

V.a Temoves unwanted negative pulses and increases 
the amplitude of the positive pulses on the feedback line. 
It is not, however, essential and the feedback line may 
be connected directly to the anode of V,.. It will be seen 
from Fig. 3 that, with this arrangement, a negative pulse 
will occur on the feedback line upon the arrival of the 
second input pulse, but its polarity is such that it does not 
cause a reversal. The feedback might equally well be 
obtained from the anode of V,», in which case it would 
be applied to V.» and V5». 

When supplied with pulses of the correct shape and 
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Fig. 3. Circuit waveforms 











amplitude the divider operates satisfactorily at any input 
frequency up to 110kc/s, remaining in lock over a range 
of 130 to 300V h.t. and 5 to 7V Lt. after the non-critical 
setting of the bias resistor Rx has been established. The 
output pulses have a mark-to-space ratio of 4:1 and an 
amplitude of approximately 70V peak-to-peak, when the 
h.t. voltage is about 200V. The scatter between output 
pulses is known to be less than 10ysec and is probably 
less than 1 sec. 

Although the divider will operate over a wide h.t. range, 
it is important that sudden fluctuations be avoided and 
that large noise components are not present. 

The component layout finally adopted, after experiments 
to determine the effect of various configurations, consists 
of a long tag board running the length of the chassis on 
which all components, with the exception of those in the 
feedback leg, are mounted (see Fig. 4). This arrange- 
ment, although not ideal, lends itself to easy maintenance. 

The output from one decade unit is suitable for direct 
connexion to the next, but some form of wave-shaper is 
usually required at the input to the chain. A suitable 
circuit, comprising an RC coupled amplifier and ‘squarer’ 
is included in Fig. 2. This will operate the first divider 
satisfactorily over the range 20c/s to 100kc/s with a sine- 
wave input of about 0-5V. 

Type 12AU7 valves have been used throughout the 
shaper and divider and, in the present design, stabilized, 
close tolerance components have been used to ensure 
maximum reliability. A chain of five dividers of this type 
has operated continuously for 12 months without losing 
synchronism. 

Although no attempt has been made to extend the upper 
frequency limit in the present design, it is considered that 
it could be increased to 1Mc/s by reducing the anode loads 
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and inserting small peaking inductors in series with them. 
In addition greater care would have to be taken in the 
layout of components, and the coupling time-constants 
would need to be reduced in value. 


Effect of Original State 

The circuit condition prior to the first input pulse can 
have an important effect in some applications. Referring 
again to Fig. 3, an output pulse is delivered after the 10‘" 
input pulse with the original state assumed. If, however, 
that state had been all right-hand triodes conducting, and 
the feedback connexions had remained as shown in Fig. 2, 
then the first output pulse would not have been delivered 
until 16 input pulses had been applied. Thereafter it 
would progress in normal fashion, providing an output 





Fig. 4. A complete divider unit 


pulse for every 10 input pulses. A maximum delay of 6 
input pulses per decade stage can thus be produced, the 
amount of delay depending upon the original state. 

For frequency division this fact is not, in general, of 
importance, but in counter applications it is. For normal 
counter operation, in which some form of indication 
translates the circuit conditions for each input pulse’, the 
original state shown in Fig. 3 is required if the feedback 
circuit is connected as shown in Fig. 2. The counter is 
‘reset’ to that state before counting commences, usually 
either by increasing the resistance of the grid return path 
of those valves which are required to be conducting, or 
reducing it on those required to be cut-off. 

A variation of original state is equivalent to a change 
of scaling factor over the period of the first output cycle. 
Suppose, for example, that a scale of 10 counter is set, 
prior to counting, to the circuit conditions corresponding 
to the 3"! input pulse. It would then deliver an output 
pulse after 7 input=pulses had been applied. If means are 
provided for the selection of any particular original state 
then a counter can act as a controlling device, signalling 
the arrival of a particular input pulse’. This facility has 
obvious applications in industry. 


Variable Division Ratio 
If a divider of variable division ratio is required it 
would probably be necessary to provide a feedback injec- 
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tion stage for each binary pair. The valve used for this 
purpose might be arranged to become conductive by means 
of a simple switch in its cathode circuit, thus providing 
d.c. switching of feedback paths. 

It is normally desirable to have some arrangement pro- 
viding a known time delay of the feedback pulse but, in 
the case of division ratios equal to or less than 2"~’, it is 
a necessity. In this event, feedback is required to reverse 
the state of the stage initiating the feedback, hence addi- 
tional delay is required. The alternative is to include in 
the switching arrangements means to by-pass a sufficient 
number of stages and so reduce 2°. 
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A Man-Carrying Centrifuge 


A MAN-CARRYING Centrifuge has recently been 

installed at the R.A.F. Institute of Aviation Medicine, 
Farnborough. It is an apparatus capable of simulating 
the centrifugal acceleration enccuntered by pilots when 
they change direction at high speed. 

It is the most modern in Europe, costing some £350 000, 
and has a three-fold purpose—tresearch, clinical investiga- 
tion and training. 

Combat manceuvres such as high-speed turns or the pull- 
out from a dive produce a tendency for the pilot’s blood 
to “pool” in the lower parts of the body at the expense of 
the supply to the brain. The pilot experiences an apparent 
increase in weight. Fatigue, impairment of muscular func- 
tions, loss cf vision (“black-out”’) and loss of consciousness 
may result. “Black-out” was first encountered to any 
noticeable extent by pilots training for the 1929 Schneider 
Trophy race when they rounded the turns on the course. 
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During the war some research was done in service air- 
craft, but the scope of investigation was necessarily limited, 
and it was found impossible to install in the aircraft the 
delicate apparatus required to measure brain and heart 
functions. It became apparent that inquiry into the whole 
field of centrifugal acceleration called for the use of special 
ground equipment operating under controlled laboratory 
conditicns—a centrifuge which could test the effects of 
prolonged g and enable the physiologists to determine 
how men should be equipped and clothed, details of cock- 
pit design, and various other matters concerning the air- 
craft of the future. 

Tentative designs were worked out during the war, but 
it was not until 1947 that the main features were finalized. 
The centrifuge at Farnborough offers tremendous scope 
for the conduct of much new basic research and for the 
development of equipment designed to increase the safety, 


Ee A general view of the centrifuge 


Nie BAVA 


JULY 1955 





: 
t 
i 
¥ 
: 


FI ara ie Mh 


Cie See 





Se 


~ 2S oR Se 


SPRY One 





comfort 
culmina 
milestor 
for the 


General 


The 1 
ing arm 
car wei 
more t! 
force © 
weight 

The | 
cars, ea 
then be 
men al 
maxim 
are to 

The | 
to pro’ 
within 

A ve 
is sunk 
maxim 
2200 | 

Cont 
matic 
one of 
is desis 
rate 0! 
the rec 
determ 
tion o! 
centrif 
at fou 
9 12, 
arms 2 


Metho 


The 
server, 
The rz 
manua 
beyon 
“joysti 

Con 
vided 
emerg 
gency 
entirel 
the m 

The 
and 1 
centre 
him u 
in tw 
record 
view | 
the rc 


recorc 
the wv 
throu, 
exten 


JULY 
I 








for 
ind 
va- 
ed. 
eir 
he 








ER a eI 


oT oe 


Bsr te i bie 





eeprom 








JULY 


comfort and efliciency of aircrew. It does not mark the 
culmination of aviation medicine. Rather is it a notable 
milestone in the furthering of knowledge which is essential 
for the advancement of flying generally. 


General Description 

The man-carrying centrifuge consists of a 60-foot rotat- 
ing arm, pivoted in the centre, at each end of which is a 
car weighing 1150lb. These cars can attain a speed of 
more than 115 m.p.h., and at this speed the centrifugal 
force on the cars is equivalent to 30g. Their apparent 
weight is therefore increased 30 times. 

The arm is also capable of rotating two much heavier 
cars, each weighing 14 tons, at 66 m.p.h., the acceleration 
then being equivalent to 10g. For normal purposes where 
men are being carried, the centrifuge is restricted to a 
maximum of 10g, but where prone or supine pilot positions 
are to be investigated this can be increased to 12 to 15g. 

The maximum figure of 30g is regarded as high enough 
to previde all necessary information of practical value 
within the foreseeable future. 

A vertical direct current electric motor driving the arm 
is sunk below floor level and can bring the cars up to the 
maximum speed of 54-4rev/min in 9 seconds. It develops 
2200 horse-power while doing this. 

Control can be either automatic or manual. With auto- 
matic control each run of the centrifuge is governed by 
one of a number of interchangeable cams, each of which 
is designed to give a different maximum g with a different 
rate of acceleration from rest. The cam revolves until 
the required g is attained, remains stationary for a pre- 
determined time--usually a few seconds—then the direc- 
tion of rotation of the cam is reversed to decelerate the 
centrifuge and bring it to rest. The cam may be operated 
at four speeds, enabling the required g to be reached in 
9, 12, 18 or 30 seconds. The cars can be attached to the 
arms at 10, 15, 20, 25 and 30 feet radii as required. 


Method of Operation 


The normal operating team consists of controller, ob- 
server, recorder and, of course, the subject in the car. 
The rate of acceleration or deceleration can be controlled 
manually by the subject—if he feels that the g is getting 
beyond endurance—or by the controller, using a standard 
“joystick”. 

Controller, recorder, observers and subjects, are all pro- 
vided with means of stopping the arm in case of illness or 
emergency, and in addition, the controller has an emer- 
gency push-button, which cuts off the electricity supply 
entirely, and brings the arm to rest by the application of 
the mechanical brakes. 

The subject is always in communication by microphone 
and loudskeaker with the observer, who sits near the 
centre of the arm and thus revolves with him and can keep 
him under continual observation. The observer in turn is 
in two-way communication with the controller and the 
recorder—the former in the control room having an overall 
view of the whole arm, and the latter in a laboratory on 
the roof of the building. 

The reactions of the subject—pulse and respiration rates, 
blood pressure and heart and brain functions — are 
recorded electrically from electrodes attached to his body, 
the wires being run from the car, along the arm, up 
through a hollow shaft in the centre of the arm which 
extends to a slip-ring column in the roof near the record- 
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ing room. Reactions are indicated either as curves photo- 
graphed in a camera-recorder, or as graphs drawn by a 
pen-recorder. The pen-recorder is so sensitive that the 
minute currents generated by the subject’s brain or by 
moving his eyes can be measured. 

This extreme sensitivity makes recording a very difficult 
operaticn, as small outside electrical influences can easily 
spoil the records. For example, stretching a piece of elastic, 
or combing the hair near the subject, can cause the record- 
ing-pen to move right off the paper chart. 

For this reascn all the conducting wires have to be 
screened. Many of the rooms in the building above have 
been completely screened by covering the walls, floor and 
ceiling with copper mesh, and the doors covered with 
sheet copper. The screening is believed to be the most 
effective of any centrifuge in the world. 

Apart from _physio- 
logical research the 
centrifuge offers great 
possibilities in the testing 
of aircraft and guided 
missile equipment and 
components. In this role 
it will be possible to sub- 
mit to test articles weigh- 
ing 1100lb up to the 
maximum of 30g—i.e., 
they will in effect weigh 
31 000lb when under test. 
Another alternative is to 
fit larger compartments at 
the end of each arm. 
Each compartment has a 
wooden floor and end and 
side walls of duralumin 
covered with sponge 
rubber, and they can be 
rotated up to 10g. The 
subject may be observed 
closely and filmed while 
performing simple opera- 
tions such as standing up, 
lying down or putting on 
parachute harness. It will 
be possible to study the 
effects of g on a pilot 
attempting to leave an escape hatch when an aircraft is out 
of control, and the maximum amount of g at which a 
pilot can operate an ejection seat. 

The man-carrying centrifuge was installed under con- 
tract with the Air Ministry. The design requirements were 
specified by the Chief Mechanical and Electrical Engineer 
Air Ministry Works Directorate to meet the functional 
requirements of the Institute of Aviation Medicine and his 
division supervised the construction, installation and tests. 

The contract for the centrifuge was placed with M. B. 
Wild: & Co. Ltd., of Birmingham, who acted as main con- 
tractors, all the electrical plant and control gear being 
supplied by The General Electric Co. Ltd. M.L. Aviation 
Ltd. were responsible for the design and construction of 
the centrifuge cars. 

The electro-encephalcgraph was supplied by Messrs 
Edison Swan Electric Co. Ltd., Camera-Recorder by 
Messrs. Films and Equipments Ltd., and the amplifying 
equipment for the recording apparatus by Messrs. Southern 
Instruments Ltd. 
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Power Considerations in Induction Heating | 


By D. Warburton Brown, A.M.I.Mech.E. 


The increasing use of the induction heating process makes it interesting to examine the method 

of assessing the power requirements for different applications. Although figures obtained from 

theoretical considerations are reasonably accurate, the power of the equipment used is dictated by 
the heaters which are commercially available. 


ITH the increasing use of induction heating in the 

engineering industry for various processes such as 
soldering, brazing, hardening and annealing it is of some 
interest to examine the question of the power requirements 
for different applications. 

Induction heaters are available commercially with a wide 
range of power outputs and it is useful for the potential 
user to have some means of assessing the size of equipment 
which will be necessary for any specific operation. This 
will, of course, have a definite bearing not only on the 
initial capital outlay, but also on the running costs and 
hence the ultimate price of the operation. 

Until comparatively recently there were no defined 
methods of computing the power rating of induction 
heaters and this led to a good deal of confusion and made 
it difficult for the potential user to gauge exactly what 
power would be available at the output terminals of the 
equipment which could be translated into useful work. 
The situation is now improved, however, as the whole 
question of power rating of induction heaters of the valve 
oscillator type is covered by British Standard Specification 
1799: 52. 

The above specification sets out the method which must 
be adopted by manufacturers of specifying the power avail- 
able at the output terminals, but it must be appreciated that 
other factors must be considered when assessing the power 
necessary to carry out a given heating operation. Various 
losses will occur between the output terminals and the 
workpiece and it is proposed to examine these losses in 
somewhat greater detail. 


Power Losses 

In order to appreciate the losses which occur it is first 
necessary to have a clear picture of the normal arrangement 
used in induction heating. The general aspects of the sub- 
ject have been described so frequently that it is not pro- 
posed to deal with them in any great detail in the present 
article. It is sufficient to state that the usual induction 
heating set-up comprises the following: 

(1) A suitable form of high frequency generator. 

(2) An inductor or workcoil. 

(3) The workpiece. 

(4) A mounting fixture to hold the work. 


High frequency generators are of three main types, 
namely, rotary generators, spark gap generators, and valve 
oscillators. Each type have their own sphere of opera- 
tion and the rotary and valve oscillator types are the 
most widely used in industry. The main difference lies in 
the frequency of operation. Rotary generators in general 
operate between 2kc/s and 10kc/s. Spark gap heaters 
cover the range between 20 and 400kc/s, and valve oscil- 
lators normally operate in the 350-550kc/s range, although 
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equipments are available for megacycle frequency operation. 
Induction heaters are available commercially with power 
output ratings from 1 to several hundreds of kilowatts. 
The normal arrangement for induction heating is for the 
work coil or inductor to be connected to the output 
terminals of the generator and the workpiece to be located 
inside or adjacent to the workcoil. Heat is generated in 
the work by virtue of the fact that the workcoil—which is 
usually a coil of copper tube—is surrounded by lines of 
flux when a current is flowing in the coil. These lines of 
flux induce currents in the work-piece. The induced 
currents circulate in the work and are resisted by the 
inherent electrical resistance of the work and the energy 
which is dissipated manifests itself in the form of heat. 
The process depends therefore on the transfer of elec- 
trical energy from the generator to the work and, as 
previously pointed out there will be certain losses which 
must be taken into account. These losses may be sum- 
marized as follows: 
(1) Coil losses and lead losses. 


(2) Radiation losses. | 1“: . 
(3) Convection losses. | ermal losses. 


(4) Conduction losses. 


The sum of these losses must be added to the power which 
is theoretically necessary to carry out the heating opera- 
tion, and it is proposed, after having considered the 
theoretical power assessment, to deal with each of the 
above losses in greater detail. 


Theoretical Power Requirements 

It is not possible to consider the question of induction 
heating without also considering heat and its behaviour. 
Heat is a form of energy and it can be measured. It must 
also be remembered that energy of one form can be trans- 
formed into energy of another form, and in the case of 
induction heating, the transformation does not occur until 
the workpiece is placed inside the workcoil. The output of 
high frequency induction heaters is generally given in terms 
of electrical units, namely kilowatts. 

The relationship between the quantity of heat necessary 
to raise the temperature of a body, and time is as follows: 


Q= me (6, — 92) 


t 
where Q = quantity of heat 
e = specific heat 
m = mass of material (Ib) 
6, = final temperature (°C) 
6, = initial temperature (°C) 


t = time (min) 
This equation assumes no heat losses, but does in fact 
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enable the theoretical electrical power for a given applica- 
tion to be calculated, because 56:8 B.t.u. are equivalent to 
1kW. In order to calculate the theoretical power require- 
ments the above formula can be modified as follows: 

P = 0:0316 — Seceree) 
In the majority of induction heating problems the value 
of #, is so small in relation to the final temperature of 
the work that it can be neglected. 


Coil Losses 

Because the material which is used to connect the 
generator to the coil has inherent resistance to high 
frequency currents electrical losses will occur in these 
conductors and also in the coil itself. In the majority of 
cases the coil and feeding lines will be made from copper, 
and if the specific resistance of copper is taken as 
1:72uQ/cm*, the following expression can be used to deter- 
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R.F. resistance of copper conductors 


mine the extent of the losses which occur in the coil and 
feeding lines. 
R/ Vf = 026 x 10-*/d 
where R = r.f. resistance in ohms/in 
f = frequency in c/s 
d = diameter of conductor (in) 


The total line and coil resistance will therefore be the 
value obtained from equation (2) multiplied by the total 
length of the lines and conductor used for the workcoil. 

The coil loss will then be found from: 

P, =F, (3) 

Values for the radio frequency resistance of copper con- 
ductors of various diameters and at different frequencies 
associated with valve oscillator type induction heaters 
calculated from equation (2) are plotted in Fig. 1. The 
values read from these curves must be multiplied by the 
overall length of the lines and coil conductor. 

For example, with a generator operating at 450kc/s and 
using a coil wound from tin diameter tubing and having 
a length of 20in, the total r.f. resistance will be: 


0:00053Q/in x 20in = 0-:01060 
When dealing with solenoid coils the resistance can be 


obtained from the developed length of the coil and con- 
nectors or alternatively Fig. 2 can be used which gives the 


JULY 1955 





301 


resistance in terms of the ratio between the coil diameter 
and its axial length. 

If the total length of conductor is taken at 20in as in 
the previous example, this would be equivalent to a 4-turn 
coil lin in diameter and having an axial length of lin 
with connectors 3in long. The D// ratio will be 1:0 and 
from Fig. 2 the resistance will be equal to 0-010622 which is 
the same as the results obtained from the other curves. 

The resistance value multiplied by the square of the 
current flowing in the coil will give the power loss in the 
coil. 

Inside diameter of coileD 


Length of coil = 
Number of turns = 7 = 


vil 





oo! 
H.F RESISTANCE(Q) 








Fig. 2. H.F. resistance of copper inductors at 490k/cs 
TABLE 1 
Typical Values of Emissivity Factors 
MATERIAL POLISHED | ROUGH | OXIDIZED 
ane | | | 

-Aluminium 0-04 | 0-055 | Q-11/0-19 
Brass | 0-03 0:06/0:20 | 0-60 
Copper... sa 0:02 — 0:57 
Steel ae .. | 0-13/0-40 | —_— 0-80/0-95 
Nickel .. Sieh 0-05 — 0-40 
Silver... Sf ee — — 











Radiation Losses 

Part of the thermal losses which occur are due to the 
radiation of heat to the surrounding atmosphere and it 
will be apparent that as the temperature increases so do 
the radiation losses. These losses will also depend upon 
the area of the radiating surface and also upon the nature 
of the surface being heated. In terms of electrical energy 
radiation losses can be assessed from the expression: 


P, = 37e[(@,/ 1 000)' — (6,/1 000)*] 
where P; = radiation loss in watts per in” 


e = emissivity factor. 
6, = final temperature (°K). 
@, = initial temperature (°K). 

The value of the emissivity factor is dependent upon the 
type of material being heated and upon the condition of 
the surface. Typical values are given in Table 1 and the 
curves shown in Fig. 3 enable the radiation losses to be 
assessed for various materials. 

In some cases the value of these losses may be of a 
substantial order and to reduce the loss of energy due to 
this factor, it is sometimes necessary to enclose the work 
and the inductor in some form of lagged material. 


Convection Losses 

A certain amount of heat can be lost by convection, and 
although generally this is only of a small order it can, 
when dealing with large components at high temperatures, 
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attain some significance. The energy lost is due to the 
minute air currents caused by the expanding gases sur- 
rounding the heated object carrying heat away from the 
surface. 

Convection losses in terms of electrical energy can be 
calculated from the expression: 




































































Conduction Losses 


The majority of industrial applications of high frequency 
induction heating take advantage of the localized heating 
made possible by the process—an exception being found 
in the melting of metal. It follows, therefore, that there will 
be a mass of cold metal lying adjacent to the heated area 
of the component or assembly. 

Since heat always flows from a hot body into a cold 
one there will be a transfer of heat into the cold mass of 
metal, so that as energy is being supplied to the work it is 
being drawn away from the area which it is desired to heat. 

Generally speaking it is necessary to estimate the power 
lost in this manner, but in certain simple cases it can be 
calculated from: 


Poem = 1:78. (0, — 6.) V(kep/t) 
where Pom = conduction losses (watts/ in’) 
6, = final temperature (°F) 
#. = initial temperature (°F) 
k = coefficient of conductivity 
c = specific heat of material 
p = density of material 
t = time (min). 
The effect of conduction so far as induction heating is 
concerned is most marked in surface hardening problems, 
since despite all theoretical considerations of frequency and 


skin effect, the conduction of heat effectively limits the 
minimum depth of case which can be obtained. 


II 


ll 


Total Power Requirements 
In order to illustrate the application of the above equa- 
tions, the following example has been worked out. 














P. = 4-66 x 10* (0, — 0.) .......... (5) Consider a bar of steel lin diameter by lin long which 
where P, = convection loss (W/in*) has to be raised to a temperature of 1 000°C in one minute. 
6, = final temperature (°F) Assume an atmospheric temperature of 20°C and a polished 
ee % surface. 
@, = initial temperature (°F). 
Acurve of convection losses is given in Fig. 4. (a) SURFACE AREA OF WoRK ; 
The total surface area will consist of the area of the 
Sis, 4 Convention tens casve two end disks plus the developed area of the cylinder, thus: 
100; 7 . ; 
me Area of 2 end disks = 2 x nd*/4 = 2" ; I = 1-56in* 
a Fae fe A 
90 12 “ t Area of developed 
| surface =d.l=a x 1 = 3-14in* 
80 _— Total area = (1:56 + 3:14) = 4°70in?. 
70 (b) Mass oF Work 
=~ rf Mass = zd*/4.1 x 0:28 
£ = 0:75 % 1 x O26 
60 
= V | = 0'22Ib. 
a | 7 
° a | T (c) THEORETICAL POWER REQUIREMENTS 
= (Note: Specific heat of steel = 0-11.) 
Oa 
a p — 90316 me (0; ~ 64) 
w t 
> 
6 30 A __ 00316 x 0-22 x 0-11 x (1 000 — 20) 
— 1 
20 
/ = 0-710kW. 
io A (d) RADIATION Losses 
J (Note: Emissivity factor for polished steel=0-10=e.) 5 
6, = 20°C = 293°K. 
© 200 400, 600 900, 1900 1200 1400 1600 6, = 1000°C = 1273°K 
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P, = 37 x e[(,/1000)* — (6,/1 000)*) 
= 37 x 0-10 [(1 273/1 000)* — (293/1 000)*] 


= 93W/in? 
Total radiation loss = 9:3 x 4:70 
= 43-7W 
= 0:0437kW. 


(e) CONVECTION LOSSES 
o= 466 x 10-“@,. — 6)" 
= 466 x 10-* (1 825 — 65)''** 
= 466 x 10°*(1'760)''* 
10-30W/in? 
.. Total convection loss 


= 103 x surface area 
= 103 x 47 
= 48-4W = 0-:048kW which is negligible. 


(f) CONDUCTION LossES 
(Note: For steel. k = 0-11,e = 0-11, p = 7:8.) 
Peon = 1:78 (6, — 6.) Vkcp/t) 
0-11 x O11 x 7:8 
1°78 (1 825 — 65) / ea sen 
= 3 140 V0:094 
= 960W/in? 
.. Total conduction loss 
= 960 x surface area 
= 960 x 4:7 
= 4500W = 45kW 


(g) Com. Losses 
For the example assume that a 4-turn coil 1:25in diameter 
wound from 3/16in tube and having an axial length of 
1:00in is used. Then from Fig. 2 the r.f. resistance will be 
0-025. 
If a coil current of 250A is assumed then the coil loss 
will be: 
P=FR. 
= (250)? x 0025 
= 1-5625W 
= 1°56kW. 


(h) ToTtaL PowER REQUIREMENTS | 

The total power required will, therefore, be the sum of 
the theoretical power and all incidental losses which will be 
in the example 7kW, this being greatly in excess of the 
theoretical figure. The results obtained from the above 
calculations correspond very closely to the results obtained 
in practice, it being interesting to note that the major loss 
is due to conduction. 


kVA to kW Ratio 


The fact that an induction heater has a known output in 
terms of kilowatts does not give a complete picture of the 
performance of the equipment. Unless it is possible to 
couple the available power from the generator into the load 
—that is unless it is possible to draw the full output from 
the equipment—poor performance is inevitable. The kVA 
output of the equipment is of considerable importance in 
this respect and the ratio between the output in kVA and 
the rated output in kilowatts will have a profound influence 
upon the performance and versatility of the equipment. 
In general, for good all round performance with a wide 
variety of workcoils and workpieces, the kVA to kilowatt 
ratio should be approximately 60 for operating frequencies 
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between 400 and 600kc/s per second, thus for any 
generator : 
kVA/kW 2 60 

If the ratio is smaller it becomes increasingly difficult 
to draw full power from the generator and consequently the 
heating performance will be poor and the equipment will be 
inflexible and critical regarding the design of the workcoil. 

For normal induction heaters designed for commercial 
use the output voltage will be approximately as follows: 


(a) Generators for use with low impedance 


WII, bile oie es es 50/300V 
(b) Generators for use with medium 
RIOT! Sie eg ee eee aee s 150/600V 


(c) Generators for use with high impedance 1 000/3 000V 


and the aim of the designer of the equipment will be to 
keep the kVA output at the highest possible value. There 
is a limit to this, of course, but the ratio of 60 should be 
regarded as being essential for general purpose, commer- 
cial type heaters. It is evident, therefore, that the current 
flowing in the workcoil should be as high as possible. The 
effect of low current will be to restrict the density of the 
flux surrounding the coil and hence, since the heating effect 
in the work is a function of the number of lines of force 
cutting the surface, the coupling between the work and coil 
becomes critical and in generators with a low kVA/kW 
ratio it is generally necessary to employ very tight coupling 
in order to draw the full power from the generator. This 
has, of course, serious practical disadvantages from the 
point of view of jigging and flashover. 

When the ratio is high, however, the density of flux is 
increased and the coupling is not nearly so critical with 
resultant increase in flexiblity and ease of handling. It 
should be pointed out that, in order to obtain a high ratio, 
the cost of the equipment will rise and there has been a 
tendency for manufacturers to economize on production 
costs at the expense of performance. In America this is 
particularly true and many of the American equipments 
are made with low kVA/kW ratios, it being deemed more 
economical from a production standpoint to use higher 
power outputs. This practice is of questionable value, how- 
ever, since in order to obtain greater outputs more expen- 
sive oscillator valves have to be employed, the generator is 
seldom delivering the maximum power and running and 
depreciation costs are high. 

With high impedance generators it is usual practice to 
utilize output or matching transformers which have the 
effect of stepping down the voltage in the workcoil and 
increasing the current: 

It is important from the user’s point of view to realize 
that the rated output of induction heaters is of little signi- 
ficance unless the full output of the generator can be 
coupled into the work using a fairly wide range of work- 
coils. The importance of this aspect of induction heating 
will be realized from the prominence it receives from the 
British Standard Specification relating to the rating of 
valve type induction heaters. ~ 


Conclusion 

It is hoped that the remarks given in this article will 
enable a better picture to be obtained so far as the power 
requirements for induction heating applications are con- 
cerned. As previously pointed out, the use of high 


frequency heating equipment involves a transfer of energy 
and all energy losses must be taken into consideration when 
estimating power requirements. 
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Regulated D.C. Power Supplies at 
Low Voltages 


By R. K. Hayward*, B.Sc., A.M.I.E.E., J. C. Jennings*, B.Sc., A.M.LE.E., and R. C. Barker*. 


The limitations of cold cathode stabilizer tubes are discussed. Reference tubes used with cathode- 

followers are shown to give improved regulation and greater current output for low d.c. voltages. 

The application of this in a valve stabilized power unit for 50 to 100V is described. For supplies 
of less than SOV a low impedance circuit without stabilization is recommended. 


D C. power supplies for general use in laboratories and 
e for electronic control gear are not usually required 
to have a high degree of stabilization, although something 
better is necessary than that obtained by direct rectification 
of the a.c. supply followed by smoothing. An increasing 
variety of electronic devices for amplification and switching 
are coming into use having operating voltages lower than 
those hitherto needed for thermionic valves. For instance, 
voltages of 150V or less are used with cold cathode tubes 
and voltages of 50V or less with transisters, and with 
rectifiers used as switches. The purpose of this article is 
to discuss methods of providing such supplies having 
regulation of a few per cent or better, with due regard to 
electrical efficiency and cost. 


Cold Cathode Tubes 

In the range 60 to 150V cold cathode stabilizers have 
been used for many years (Fig. 1), but these circuits have 
several limitations. 


(1) Tube-to-tube variations of stabilizing potential are 
generally + 3 to 6 per cent, quite apart from load 
variations. 


(2) The stabilized voltage has to be that of one of the 
available tubes or the sum or difference of two or 
more tubes (Fig. 1). 


(3) Step voliages of up to 0'5V occur as the tube current 
is increased or reduced, these usually being associated 
with the change in position of the glow on the 
cathode. ; 


(4) Tube life is short when the load is small, as in this 
condition a large tube current is drawn. In general 
the life of the tube is inversely proportional to the 
cube of the current. 


(5) The current in the load has a maximum value of 
approximately half that of the rating of the tube. 
Because an allowance must be made for sufficient 
potential to strike the tube when first switching on, 
the load current cannot be more than about two- 
thirds of the stabilizer tube rating, and if the d.c. 
supply to the tube is obtained by rectification of the 
a.c. supply there must be further allowance for 
change of supply voltage. This reduces the figure to 
a half. 


These difficulties can be overcome by the use of voltage 





* Post Office Engineering Research Station, Dollis Hill. 
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reference tubes such as the 85A2 or QS83/3 in association 
with a cathode-follower valve as shown in Fig. 2. 

In this circuit, two of these series-connected tubes are 
shunted by a high resistance potentiometer, which is tapped 














V2 
output 
dy 
= . 
(b) 
Fig. 1. Conventional cold 
cathode tube stabilizers 
(a) output = V, + V, * 
(b) output = V, - Vie scs | 
* 
Fig. 2. Cold cathode tube 
stabilizer with cathode-fol- 
lower output 
y outout 
* —{p 





to feed the grid of a cathode-follower. The output voltage 
is determined by the setting of the potentiometer and may 
have any desired value. The maximum load current 
depends on the choice of valve and the voltages available 
for it, and is no longer dependent on the cold cathode tube 
which is run under optimum conditions to avoid the occur- 
rence of step voltages. 

As distinct from cold cathode stabilizer tubes which 
usually have an oxide coated cathode, voltage reference 
tubes have a metallic cathode; this results in tube-to-tube 
variations of less than + 1°5 per cent at a given current 
and also leads to a much longer life. 
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The regulation depends on the cathode-follower valve and 
the part of the valve characteristics used, but it is always a 
falling characteristic. A close estimate of the regulation can 
be obtained directly from the valve characteristics. For 
instance, suppose a valve type EF91 is triode-connected 
with its anode at + 150V, its grid connected to + 50V and 
its cathode to earth through a load resistor, then approxi- 
mately 100V is dropped across the valve. From the triode 
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Fig. 4. Variation of output 


characteristics of the EF91 shown in Fig. 3 it can be seen that 
at the maximum current of 8'8mA, (point A) the output 
potential will be 50V. Ata bias of 1V (point B) the current 
is 2;2mA and the output voltage 50 + 1 = 51V. Fig. 4(a) 
curve (1) shows the cathode-follower output characteristic 
constructed from values read off in this way. 

It should be borne in mind that the maximum current 
decreases as the valve deteriorates and a more conservative 
value than that of the published curves should be used for 
design purposes. Output characteristics for an aged valve 
and a new valve are shown in Figs. 4(a) and 4(b) respec- 
tively. The maximum current for an aged valve is seen to 
be 8'8mA and that for a new valve 12:2mA. The EF91 
characteristics shown in Fig. 3 are for an aged valve. The 
internal resistance also changes with age and for the two 
cases considered above is 1300 for the new valve and 
165Q for the old valve. 
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Although the regulation is not particularly good, the 
internal resistance being between 10002 and 200, the result 
is predictable and repeatable with changes of components. 
Improved regulation and greater current output can be 
obtained by connecting further cathode-followers in 
parallel. The output for two parallel valves is shown in 
Fig. 4(a) curve (2). 

One application of this circuit is to provide a low voltage 
reference source for use in a valve stabilized power unit as 
described below. 


A Valve Stabilized Power Supply Unit 

The conventional valve stabilized power supply unit is 
shown in Fig. 5. The stabilized output voltage is the sum 
of the voltages across the stabilizer tube V., the amplifier 
valve V,, and resistor R,; the latter voltage having a value 
equal to the maximum grid bias necessary to control V, 
when it is passing low current. Now the minimum voltage 
across V, is 55V using a cold cathode tube of doubtful 
stability, or 84V when a stable tube is used. The voltage 
drop across V, can be made small if V, is a pentode with a 
high value anode resistor. The maximum grid bias 1eces- 
sary for valve V, can be reduced by providing good reguia- 


Vs _ostabilized 


output 








rectified 
and smoothed 


input 





- 
ba 


Fig. 5. Conventional series valve stabilizer 





Oe 


tion at the input, by choosing a high gain valve and by 
taking only a restricted current through it. The last two 
conditions can be met to some extent by using two or more 
valves in parallel. However, the total voltage adds up to 
about 150V and an extensive literature exists on units 
delivering 150V or greater. 

The problem of adapting this circuit to supply voltages of 
100V or less consists essentially of lowering the reference 
voltage on the cathode of V,. One method of achieving 
this is to provide an additional rectified, smoothed and 
stabilized negative voltage supply to which the output 
potentiometer can be connected while earthing the cathode 
OF Vi 

A more simple and economic solution is to make use of 
the cathode-follower circuit of Fig. 2. The complete circuit 
is shown in Fig. 6. This gives an output of 250mA at 
50V or 150mA at 100V with regulation better than +0-5 
per cent for supply variations between 225V to 250V. The 
potential applied to the grid of V, is virtually constant 
because it is derived from the 84V reference tube V. which 
is run at a fixed current, its resistor being connected to the 
preceding 150V stabilizer tube V,. 

The current through V, varies slightly due to the chang- 
ing load in V,. This variation is from 1:20 to 1°30mA over 
the full range of the power unit. However, V, cathode 
potential varies by less than + 0'1V at 15-5V so that the 
cathode-follower provides a good reference voltage. 
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Other features of the circuit are: 

(1) A choke input circuit with a low resistance choke to 
obtain good regulation. 

(2) The stabilizer tube V, acts not only as a non-linear 
device to bleed proportionally more current from the 
d.c. supply at high voltages than at low ones, but 
also to give a roughly stabilized voltage to feed the 
reference tube V, and the cathode-follower V,. 

(3) Feedback resistors R, and R, to provide changes of 
voltage at the grid of V, to give some compensation 
for changes of input voltage and load current, there- 
by reducing the changes of output voltage necessary 
to control V,. 


MR, 15H 13Q 
250V een 





the anode voltage must be increased to a value greater 
than that of the screen to allow for the voltage drop in 
the screen regulator circuit. This could consist of a cold 
cathode stabilizer tube fed through a resistor, but in prac- 
tice it is extremely difficult to design. This is because the 
screen takes a very small current when the output current 
is small and the input voltage is high, and a large current 
when the output current is large and the input voltage 
is low. In turn the current through the stabilizer tube is 
very low at low input voltages and very high indeed at 
high input voltages. 

However, when large output currents of 2A or more 
are required and these must be supplied by a number of 
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Fig. 6. Stabilized d.c. power supply 50 to 100V. 


(4) A low value capacitor C, toreduce ringing in the choke. 
The capacitor C, is small enough for the smoothing 
circuit to work as choke input. 


It was mentioned earlier that another factor determining 
the minimum output voltage was the grid base of the series 
valve V,. One way of reducing this is to connect V, as a 
tetrode or pentode instead of a triode, but this involves 
the provision of a source of potential, preferably stabilized, 
at some 100V above the cathode potential of the series 
valve, if full advantage is to be taken of its current carry- 
ing capacity. Assuming that such a screen voltage can be 
applied, then the anode voltage need be only some 40 per 
cent of the screen voltage without the valve running into 
excessive screen current at low grid bias. Furthermore, 
provided that the screen voltage is stable, the anode voltage 
need not be particularly free from ripple, since the valve is 
working in the constant current region and fluctuations of 
h.t. voltage have only a slight effect on current passing and 
this can be dealt with by V,. 

Unfortunately the requirements for efficiency, i.e. that 
the screen voltage be high and stable, and the anode voltage 
low and only partially smoothed cannot be met from the 
same source of rectified h.t. For a simple power unit 
such as discussed here, the rectified h.t. and consequently 
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series stabilizer valves it is convenient and economical to 
arrange for the anodes to be fed from one supply and the 
screen grids, control valves and reference tubes from a 
separate stabilized supply. 

Reverting to the case of a single self-contained power 
supply unit, the grid base is most effectively reduced by 
connecting a number of series stabilizer valves in parallel. 
The total output current is then shared between the valves, 
each of which has a relatively short grid base and a lower 
anode to cathode voltage drop. The effective gm is also 
higher than for a single series valve. 


A Supply Unit Having Good Regulation But No Stabiliz- 
ing Components 

The arrangement just described involves the provision 
of high voltage from which to derive a lower one, and is 
progressively less efficient as the required output voltage 
becomes smaller. Germanium junction rectifier diodes 
can be used in a conventional rectifying and smoothing 
circuit to give an efficient and well regulated low voltage 
d.c. supply from a.c. mains. This is shown in Fig. 7 
together with its regulation curve. 

The germanium junction is a more efficient rectifier than 
selenium because it has: 
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(1) A lower forward voltage drop. 

(2) Lower dynamic resistance. 

(3) A higher permissible reverse voltage, thereby reduc- 
ing or eliminating the need for series connexion of 
units. 

Typical values are: 








Germanium Selenium 
Junction GJ3D 35mm 
Voltage drop at 300mA 0'43V 0:93V 
Dynamic resistance at 300mA 0-270 1:10 
Maximum reverse voltage 200V 18V 
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Fig. 8. Static characteristics of germanium junction and selenium rectifiers 


The static characteristics are compared in Fig. 8. 

The electrical properties of germanium are particularly 
Sensitive to temperature change and normally the working 
temperature should not exceed 60°C. If the reverse voltage 
is at or near the maximum, then during the half-cycle 
when the junction is reverse biased the power dissipated 
is a large proportion of the total, thus reducing the for- 
ward d.c. rating to a minimum. In the circuit here con- 
sidered, the applied reverse voltage is a small fraction 
of the permissible maximum, so the d.c. rating can be 
increased. 


Typical values are: 
100mA d.c. rating for a peak inverse voltage of 200V 
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330mA d.c. rating tor a peak inverse voltage of less 
than 40V. 


Referring again to Fig. 7, the knee of the regulation 
curve occurs when the total series resistance including that 
of the load is reduced sufficiently to ensure continuous 
flow of current through the input inductance. For a given 
supply voltage this is at a particular value of output 
current. When this critical load current is exceeded, 
further regulation of the filter is due to the resistance in 
series with the load. The requirements of L, are, therefore, 
firstly a high inductance at low currents so that the knee 
of the regulation curve is at a low load current, and 
secondly that it has a low forward resistance to give good 
regulation for currents greater than the critical current. 

It will be seen from Fig. 7 that the inductor and trans- 
former resistances are designed to be approximately equal 
to that of the rectifier, which is about 40. The critical 
current has been taken as 10 per cent of the maximum of 
500mA at 14V output. The inductance of 150mH can be 
obtained using a standard 15/16in by 15/16in core having 
15mil radiometal laminations; the air-gap is Imil, which 
gives the required inductance at low load, but because of 
core saturation, results in a ripple voltage which increases 
with load. The core size is thus reduced by accepting loss 
of smoothing. 

In this particular application the ripple is further 
reduced to the required value of less than 50mV peak-to- 
peak by introducing a second filter stage of 30mH and 
1 000uF. 

To reduce the effect of supply voltage variations the 
transformer may be of the constant voltage type. This is 
somewhat extravagant for a single power unit, but often 
more than one d.c. supply is required and regulated a.c. 
is necessary for other purposes. In such cases a single 
240V constant voltage transformer can feed a number of 
d.c. units. 

Using the same rectifiers to obtain the same maximum 
current, lower voltages can be obtained with proportional 
reduction of the input inductance, although efficiency is 
reduced because the voltage drop across the rectifier is a 
greater proportion of the output. Conversely, for increased 
voltages : 


(1) Greater inductance is required if the available output 
is still to be 90 per cent of the total, while maintain- 
ing a low d.c. resistance to ensure good regulation. 
-This leads to bigger and more expensive inductors. 


(2) The maximum d.c. rating of the rectifiers is reduced. 
This will be less important when a wider choice of 
germanium junction diode types is available. 


Conclusions 

As stabilizers cold cathode tubes are of limited use by 
themselves, but when used in association with a cathode- 
follower enable repeatable and predictable results to be 
obtained at any chosen load or voltage. Valve stabilized 
supply units give better regulation and can be designed to 
give large current outputs at voltages as low as 50V. 
Voltages lower than SOV can best be obtained by using 
special components in a conventional rectifier and smooth- 
ing circuit. 
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A. Linear Capacitance-Change Circuit 


By V. H. Attree*, B.Sc. 


Capacitance-changes frequency 


modulate a Franklin oscillator which drives a nonode f.m. 


discriminator. Sensitivity is 10V/|pF and the ouput is accurately linear between —40 and +40V. 


rm making measurements of pressure or displacement it 
is often convenient to use a change-of-capacitance trans- 
ducer with an appropriate electronic circuit. For dynamic 
measurements the requirements for the detecting circuit 
are that it should be stable, linear, reasonably sensitive and 
should have a fast response. In addition to these properties, 
all of which are necessary for adequate performance, 
certain other features are desirable from the operating 
point of view; these include a simple setting procedure and 
a method of sensitivity control that does not affect the zero 
point. 

There is an extensive literature on capacitance circuits 
and the references given with this paper'*’ have been 
chosen to illustrate the main circuit types. A full review 
will not be attempted, but it is perhaps helpful to indicate 
the main properties of each type. 

Beat-frequency methods’ * are capable cf high sensi- 
tivity, but are liable to “ pulling” between the two oscil- 
lators. Amplitude-change methods*® are insensitive and 
are now seldom used. Bridge-systems" '® may be extremely 
sensitive’, but need a phase-sensitive detector if ambiguity 
of reading is to be avoided. Bridges having more than one 
balancing control'*’'* are often difficult to set up. Single- 
valve devices'® '* may have good sensitivity, but are often 
non-linear; their main use is for capacitance measurement by 
substitution. Phase modulated circuits*’’*' are sensitive but 
restricted in range of control. Frequency modulated 
methods**’** are probably best from the point of view of 
linearity and speed of response, but the discriminator may 
be difficult to align and the sensitivity is less than in some 





* College of Technology, Manchester 


of the simpler methods. The circuit described in the present 
article uses frequency’ modulation, but the difficulties of 
discriminator alignment are avoided. 

The references'*® are all concerned with electronic 
circuits and have relatively little information on capaci- 
tance-change transducers. For the sake of completeness a 
group of references*® ** dealing with transducer design is 
included. 


Circuit Description 

The circuit diagram of the capacitance detector is shown 
in Fig. 1. The capacitance transducer is in parallel with the 
tuned circuit L,C, on the input of the Franklin oscillator 
consisting of V, and V.. The signal at the anode of V, 
is fed back to the tuned circuit via the capacitor C,. The 
oscillator runs at a nominal frequency of 465kc/s which 
enables a standard intermediate frequency transformer to 
be used in the discriminator. The amplifying stages V, and V, 
have 2:2kQ anode loads, R, and R,, and are both untuned. 
The amplitude of the oscillation is determined by limiting 
action in V, so that the signal at the anode and cathode 
of V, is essentially a square wave of constant amplitude. 
The amplifier gain is about 200 times, which enables the 
two coupling capacitors C, and C, to be made very small 
(about 2pF), thus reducing the effect of valve capacitance 
changes on the oscillator frequency. The oscillator gives a 
constant amplitude, even with quite a large, in phase, loss 
component in the transducer. This is a practical advantage 
as it is sometimes difficult to maintain adequate insulation 
in the capacitance transducer. 

The oscillator signal at the cathode of V, is fed to the 
amplifier V, which has a 46Skc/s i.f. transformer in its 
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anode circuit. The frequency discriminator consists of this 
transformer and the Mullard EQ80 nonode valve V,. The 
nonode was specially developed for use in f.m. demodula- 
tor circuits and gives an output at its anode which is a 
linear function of the phase difference between signa!s 
appearing at grid 3 and grid 5. The primary of the if. 
transformer feeds grid 5 and the secondary feeds grid 3. 
When the frequency of the Franklin oscillator is exactly 
465kc/s the transformer is on tune and the two signals 
are 90° out of phase giving a mean anode current of 
approximately one-half saturation. Frequency deviations 
on either side of resonance give anode currents greater or 
less than this value. A similar type of response can be 
obtained with an ordinary pentode valve by feeding one 
signal to the control grid and the other to the suppressor. 
The advantage of the nonode is that interaction between the 
driving signals is reduced by the intermediate grids, and 
that correct action is obtained without precise pre-limiting 
of the two input signals. In this second respect the nonode 
is very good indeed and for phase-angles in the range 
30 to 150° the response is essentially the same for all signal 
amplitudes in excess of 8V r.m.s. A full description of the 
working of the nonode has been given by Jonker and 
Overbeek**. 

The voltage across the 1M) anode load R,, is fed to the 
grid of the cathode-follower V, which drives the centre- 
zero meter M,. The filter R,,C,, removes residual radio- 
frequency components appearing at the anode of V,. At 
the tune frequency of 465kc/s the cathode of V, is at 180V 
and the meter is at centre zero; the values of R., and R., 
are chosen so that full deflexion on either side of zero 
corresponds to 180 + 65V at V, cathode. This range of 
+65V represents the central linear region in the response at 
the nonode anode. 

The useful operating range at V, cathode is at a mean 
potential of +180V and the potential divider R,,R., brings 
this down to zero potential, thus enabling gain control to 
be obtained by R.,_., without changing the mean d.c. level. 
The gain-control switch feeds the grid of the cathode- 
follower V,. At tune V, grid is at earth potential and the 
final output is also at earth. The potential divider R,,R., 
reduces the useful output range from +65V at V, cathode 
to +40V at the output. 

The overall response at full gain is shown in Fig. 2. The 
linear region is from P to Q and the sensitivity is 10V/pF 
of capacitance change. (N.B. If a commercial if. trans- 
former is used it may be necessary to reduce the 
primary to secondary coupling in order to optain optimum 
linearity.) The inductance L, is 500uH and _ this 
tunes to 465kc/s with 235pF. A capacitance change of 
+1pF yields a frequency change of very nearly +lkc/s 
so that the frequency variation for full-scale is from —4 
to +4kc/s. When the total range of capacitance variation 
given by the transducer is likely to exceed 8pF the trans- 
ducer is connected to input 2 (Fig. 1). This second input 
is tapped half way down the coil L, so that the effective 
value of the capacitance variation is reduced by a factor 
of four. The linear range of the instrument now becomes 
—16 to +16pF. 

The h.t. supply is stabilized, and therefore drift in the 
output level due to variations in the h.t. voltage may be 
neglected. However, the heater voltage is unregulated and 
a change of +10 per cent in the mains alters the output 
by +0-06pF. The main source of drift is at the EQ80: 
the effect of mains voltage changes can be reduced by about 
10 times by running the EQ80 heater from a saturable 
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Fig. 2. Lineary of capacitance-change circuit 


transformer. This leaves a residual variation of about 
0-005pF for a 10 per cent mains change. The drift 
measurements were made directly in terms of input capa- 
citance-change by using a micrometer coaxial capacitor in 
parallel with the input and a null-reading galvanometer on 
the output. 


Frequency Response 

The frequency response of a capacitance detector circuit 
can be measured by modulating the capacitance at the input 
by electrical or mechanical means. Electrical modulation 
by a reactance valve is liable to introduce calibration 
difficulties and a direct mechanical method is preferable. 
A mechanical method using a single-pole rotating capacitor 
gives unreasonably high rotational speeds, for instance a 
modulation at Ikc/s demands a speed of 60000 rev/min. 
The difficulty is overcome by using an air-driven gyroscope 
(from an aircraft bombsight) as a capacitance modulator. 
The gyroscope rotor has 24 driving slots in its periphery 
and these are used in conjunction with a capacitance pick- 
up probe fitted in the heusing. A frequency of Ikc/s is 
now obtained for a rotational speed of only 2 500 rev/min. 
The stresses in the rotor are proportional to the square of 
the speed and if high speeds are attempted adequate pro- 
tection from the consequences of a burst rotor is essential. 
The overall frequency response of the capacitance detector 
circuit is from zero. up to 2-4kc/s (for 3dB down). With 
pressure recording this frequency range is normally suffi- 
cient to ensure that the overall response is wholly deter- 
mined by the characteristics of the transducer. 


Applications 

The circuit has been used for the measurement of pres- 
sure, rotational speed and frequency of vibration. The pres- 
sure measurements were made with a commercial trans- 
ducer having a nominal range of 20pF. It was found that 
hysteresis effects in the transducer are much reduced by 
choosing a relatively insensitive transducer so that the 
pressure excursion represented only about a quarter of 
the nominal capacitance range. The design of diaphragm- 
type pressure transducers is fully covered in the litera- 
ture?®’**, It is perhaps helpful to point out that large lineal 
displacements, such as the movement of a piston or valve 
mechanism, can easily be converted to capacitance changes 
by means of a coaxial capacitor with a moving inner elec- 
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trode. The end of the moving electrode is always well 
within the “live” tube so that the end-effects are constant 
and the transducer calibration is accurately linear. It can 
be shown that this type of transducer is very insensitive 
to eccentricity’® and hence close tolerances are not required 
in the construction. When measuring rotational speed, or 
vibrational frequency, only a simple capacitance pick-up is 
necessary and, assuming the electronic circuit is already 
available, these measurements can be made much more 
conveniently than is possible with photo-electric devices. 
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Progress with the Transatlantic Telephone Cable 


‘lL loading of Her Majesty’s Telegraph Ship, “ Monarch” 
with the first of the Newfoundland shore ends of the Trans- 
atlantic Telephone Cable was recently begun at Newington, New 
Hampshire, U.S.A. The plan of the whole project which is a 
joint undertaking of the American Telephone and Telegraph 
Company, the Canadian Overseas Telecommunications Cor- 
poration, the Eastern Telephone and Telegraph Company and 
the G.P.O., calls for the laying this year of the first of the 
two cables, each about 2 000 nautical miles long, which are to 
span the Atlantic between Scotland and Newfoundland. 
“Monarch” has started that operation with loading the 350 
nautical miles of cable made by the Simplex Wire and Cable 
Company. 

Early in July she will lay 217 nautical miles of this cable 
out to sea from Clarenville, Newfoundland, and buoy the sea- 
ward end, before returning to the United Kingdom for the next 
phase of the operation. To control these laying operations 
and to ensure that the cable is laid accurately on its predeter- 
mined course radio stations, including a chain of Decca navi- 
gational stations, have been specially built in Newfoundland. 

On. both sides of the Atlantic the manufacture and construc- 
tion of the cable is proceeding according to the plan designed 
to bring the cable into service towards the end of 1956. 

Meanwhile at the new plant of Submarine Cables Ltd the 
rest of the submarine cable required for the project (over 4 000 
nautical miles) is being turned out at over 65 nautical miles a 
week. In mid-July, “Monarch” will start loading 1 130 
nautical miles of the cable. This together with 133 nautical 
miles of the cable made by Simplex will span the deep ocean; 
after being joined to the buoyed end off Newfoundland it will 
be laid in one piece to Rockall Bank, about 500 nautical miles 
off the coast of Scotland. There it will be buoyed and, in 
September, “ Monarch” will lay the cable which will join it 
to Oban and complete this year’s cable laying operations. 

The American repeaters (they are 80ft long overall including 
the cable stubs) which will be joined into this cable at 37 
nautical mile intervals before it is loaded on “ Monarch,” are 
arriving by air from the U.S.A. in specially designed contain- 
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ers. They are being made by the Western Electric Company 
at Hillside, New Jersey. X-ray photography will be used to 
examine the joints, when the repeaters are spliced into the 
cable, to make sure that no defects exist. 

Meanwhile on both sides of the Atlantic the land based 
installations of the cable system, are well under way; and the 
links required to connect the end of the Cable system to 
London, Montreal and New York are being built. 

The accommodation for the shore end installations at Oban 
has been completed. The American cable terminal equipment 
has arrived and installation is in progress. A similar stage 
has been reached with the installation at Clarenville, New- 
foundland. 

Special high quality channels are being provided to extend 
the cable circuits from Oban to London and as part of this 
work a new coaxial cable is being provided from Oban to 
Glasgow. The duct work and the repeater stations, have been 
completed and the laying of the cable has started. 

In London, the International Exchange is being extended 
and the special switching equipment required to facilitate con- 
nexion with inland and continental subscribers is being manu- 
factured. 

The section of the cable from Clarenville, Newfoundland, 
to Nova Scotia (about 360 miles) is of British design, employ- 
ing a single cable with two-way repeaters. The first part— 
about 45 miles—which will be laid across Newfoundland, has 
been delivered there by the manufacturers, Southern United 
Cables Ltd. The Canadian Comstock Company has started 
trenching in the cable between Clarenville and Terrenceville in 
a very difficult rocky terrain interspersed with bogs and lakes. 
A party of specially trained Post Office engineers are travel- 
ling with the construction camp to supervise the laying of the 
cable, to make the joints, and to insert the repeaters. 

The two repeaters to be inserted in the land cable across 
Newfoundland and the two spares, which are being made by, 
Standard Telephones and Cables, are well advanced. They 
are due to be shipped in November. The fourteen repeaters 
for the sea section across the Cabot Strait to Nova Scotia, 
together with spares are due to be shipped in March, 1956. 
These are the U.K., twoway type of repeaters. 
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Phase Measurement in Feedback Amplifiers | 


By J. F. Young* 


The hunting frequency of a feedback amplifier can be 
changed by inserting in the loop an adjustable phase 
shift network. Values of gain and phase shift of the 
original loop at various hunting frequencies can then 
be calculated rapidly and accurately from the known 
parameters of the added network. 


i. accurate measurement of the loop gain of a feed- 
back amplifier is comparatively easy, but it is difficult 
to determine loop phase shift if any degree of accuracy or 
rapidity is required. Ellipse methods of measurement using 
a cathode-ray tube are inaccurate and inconvenient because 
of the need to take measurements from the face of the 
tube. The presence of waveform distortion introduces 
additicnal inaccuracies’. The difficulty of taking measure- 
ments from the face of the tube can be overcome by the 
addition of an external adjustable phase shift network in 
one input to the oscilloscope to reduce the ellipse to a 
straight line. Hewever even with careful observation, the 
null inaccuracy due to the width of the trace is still rather 
large, and waveform distortion will make it impossible to 
obtain a straight line. 

For these reasons, if the loop phase shift characteristic 
is required, it is fairly common practice to calculate it 
from the gain characteristic, but this takes some time, 
even with special methods of computation®. The experi- 
mental method of determination of gain and phase charac- 
teristics to be described, can give high accuracy and rapid 
results. 

If a gain control is added to a negative feedback system, 
and the loop gain is increased from zero until hunting just 
commences, the loop gain is then unity and the loop phase 
shift is 180° at the hunting frequency. The addition of an 
extra phase shift network at some convenient point in the 
loop, will in general change the frequency of hunt. If the 
gain contrel is then readjusted until the system is again 
cnly just hunting, the total loop gain will-once more be 
unity and the total loop phase shift will be 180° at the 
new hunting frequency. The phase shift of the added net- 
work can be calculated from the hunting frequency and 
the compenent values. The phase shift of the original loop 
at the new hunting frequency can then be obtained by the 
subtraction of the phase shift of the added circuit from 
180°. In this manner and by variation of the added circuit 
a phase-frequency characteristic can be obtained for the 
original loop. At the same time, a gain-frequency charac- 
teristic can be obtained, provided the gain control is cali- 
brated, since the original gain setting gave unity gain and 
any change of setting required to obtain the hunting thres- 
hold merely compensates for the attenuation of the added 
network and for the changed gain of the original loop at 
the new hunting frequency. A network having either gain 
or attenuation and either phase advance or phase retarda- 
tion, can be inserted in the loop, so the method would 
seem to have wide application for rapid plotting of Nyquist 
or gain and phase-log frequency diagrams, provided hunt- 
ing is permissible for testing purposes. 
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in practice, simple RC circuits can be used to provide 
the required phase shift. Care must be taken that the addi- 
tional circuits put no appreciable load on existing circuits, 
and do not allow stray pick up voltages to be fed into the 
loop, but since it is permissible to insert the test circuit at 
any part of the loop, it is usually possible to fulfil these 
conditions. 

Various practical precedures are possible, the one illus- 
trated in Fig. 1 has been found useful where such tests are 
not required often enough to justify the expense of the 
construction of a special unit. Fixed capacitors and decade 
resistors are added to the loop and an audio oscillator and 
double beam oscilloscope are used for frequency measure- 
ment. The voltage at some convenient point in the loop 
is applied to one set of Y plates on the oscilloscope. The 
time base is synchronized to this voltage and the audio 
oscillator output is applied to the other set of Y plates. 

The loop gain control is increased carefully until it can 
be seen on the oscilloscope that the system is just hunting. 
The audio oscillator frequency is then varied until its 
trace on the oscilloscope becomes steady. The relationship 
between the hunting frequency and the audio oscillator 
frequency can then be seen. By this means it is possible to 
take readings at an extremely: rapid rate. Any othér 
accurate method of frequency measurement can be used. 
The one described utilizes standard equipment and has the 
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Fig. 1. Arrangement of apparatus 


advantage that the audio oscillator need only cover a small 
Tange (say one-tenth of the range over which measurements 
are required). Since there will normally be gain to spare 
in the system being tested, it should only be necessary to 
add a simple attenuator to adjust the gain to the threshold 
of hunting. An abac* can be used to simplify the computa- 
tion of attenuation and phase shift of the added circuit 
from the experimental data. 

The technique described provides means of rapidly 
obtaining Nyquist or gain and phase-log frequency dia- 
grams with a good accuracy which is independent of 
oscilloscope trace width, measurements on the tube face 
or waveform distortion. The limitations are that it must 
be possible to allow the system to hunt for test purposes 
and that the accuracy is dependent on accurate frequency 
measurement, on the precision of the added components, 
on the correct adjustment of the gain control and on low 
loading of existing circuits by the added circuits. 
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Isocline Diagrams for Transistor Circuits 


By Francis Oakes*, M.Inst.E., A.M.Brit.I.R.E. 


The method described for the graphical analysis of transistor negative resistance oscillators is based 

on non-linear mechanics, and does not necessitate approximation of curved transistor characteris- 

tics by straight lines. Voltage and current trajectories can be obtained by a simple construction 

which also indicates the rate of change of the voltages and currents during the course of cyclic or 
transient phenomena. 


N ANY transistor oscillator, switching and counting 
circuits are based on the negative resistance properties 
exhibited by point contact transistors. These properties 
can be represented by a voltage-current characteristic at 
the pair of terminals across which the load or the control 
circuit is connected. This voltage-current characteristic of 
the transistor in combination with the parameters of the 
external circuit determines the behaviour of the system. 
The transistor characteristic is, of course, dependent on 
the bias conditions of the transistor and deviates consider- 
ably from a straight line or even a group of straight lines. 
It is therefore desirable -to provide design methods which 
do not rely on assumption of linearity and yet are 
sufficiently straightforward to be useful in practical applica- 
tion. A basis for non-linear analysis has been provided 
by A. Lienard’, and subsequently described by le Corbeiller* 
and W. A. Edson*. 

Following their approach to the general problem of non- 
linear systems, a practical means of solving transistor circuit 
problems of this type has been developed and is described 
in the following paragraphs. 


Isoclines 


If a non-linear circuit element which exhibits negative 
resistance characteristics is connected to an external linear 
circuit containing resistive, capacitive and inductive 
elements, it can supply energy to produce or sustain steady 
or. transient currents and voltages in the external circuit. 
These currents and voltages depend both on the circuit 
constants and on conditions at a given instant of time. 
Considering the circuit shown in Fig. 1, which is chosen as 
a basis for this analysis, this means that the voltage and 
currents in the system subsequent to a given time depend 
upon the values cf R, C, L, on the voltage-current charac- 
teristics exhibited by the transistor across the terminals 
A and B and on the instantaneous currents and voltages in 
the system at ¢. Since the system contains reactive 
elements, the currents and voltages will be functions of 
time. Voltage-current plots can be drawn for the capa- 
citance or the inductance and will then also allow the 
voltage-current relationships for the other elements to be 
obtained. In this case, the voltage-current relationship of 
the capacitance is studied first. Thus, for any point repre- 
senting a voltage and current pair on the voltage-current 
plot at the time ft, there will be neighbouring points 
representing the voltage and current pairs at the time ft, + dt 
or to — dt. The movement from the original to the neigh- 
ing point will determine a direction of movement, in other 
words it will indicate the slope of the tangent to the curve 
describing the conditions of the capacitance before, at and 
after f. in terms of voltage-and-current pairs. 

If curve-elements for ft. + At are drawn for every point 
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of the voltage-current plane, these elements will join into 
lines of motion which describe the dynamics of the system. 
These lines of motion are called isoclines. 

It is possible to construct an isocline diagram for one 
of the elements in the system by means of a simple graphical 
method. The remainder of the system can then be studied 
with the aid of the diagram. 
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Fig. 1. Fig. 2. Equivalent circuit 


Typical transistor circuit 


Construction of Isocline Diagrams 

For the derivation of a graphical method of construction 
of isocline diagrams, the circuit of Fig. 1 is represented 
in Fig. 2 by its equivalent circuit. R, C and L are the 
resistance, capacitance and inductance, respectively of the 
circuit of Fig. 1, while r is the voltage to current ratio of 
the transistor network seen through its input terminals 
AB. 

The parameter r is resistive but non-linear and can be 
defined by the equation: 


so that: 
es Re AEE eS (2) 
The input characteristic between the terminals aB of the 


transistor circuit illustrated in Fig. 1 is of this form, and a 
typical transistor characteristic is shown in Fig. 3. 


Kirchoff’s equation can now be written down for the 
circuit : 


ve Ot Ae Ure ots a | ee no (3) 
Taking into account that: 
nae 6 (EP) Bn eae ane eee (4) 
and: 
PMG AO osha Sees. nda ees (5) 


one obtains a means of expressing dv./di as a function of 
v. and i, thus eliminating the time derivatives by dividing 
equation (4) by equation (5). 


Wile MOOV AGUIOVD 36 s55 0% scxons (6) 

and eliminating vi by means of equation (3): 
ain Ai drichs geet FT (7) 
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This transforms into: 





—iL/C 
et (8) 
Vo — Wt 
where: 
Vt = Vr + VR and Vo = —Voc........ (8a) 


A graph of v; as function of the current can be obtained 
simply by adding the transistor voltage-current charac- 
teristic v, to the straight line characteristic of the resistance 
R, namely ve = iR. Such a combined voltage-current plot 
is used for the graphical method. 

This graphical method relies on approximation by 
circular arcs. It is therefore necessary to re-arrange the 
equations so that a graph can be plotted with equal scales 
in both directions. Dividing both sides of the equation (8) 
by a scale factor V(L/C) one obtains: 








OS... As _ iVEIC) (9) 
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Fig. 3. Typical transistor input characteristic 


and since L/C has the dimensions of resistance, one can 
define a fictitious voltage: 


ANG OO OO ee (10) 
Introducing this into equation (9) one obtains: 


eile i a sig 





Vol — Vt 

This equation correlates the differential quotient with u, 
v-’ and vz, all of which have the dimension of voltage, and 
therefore can be plotted on the same scale in both co- 
ordinate directions. 

Fig. 4 shows a graphical method of solving this equation, 
ie. for obtaining the slope dvo’/du of the isocline for any 
point P(u, vc) which is defined by a pair of instantaneous 
values of voltage across and current through the capa- 
citance. 

A vertical line is drawn through P to intersect with the 
curve v; = f,(u) in a point V. A horizontal line is then 
drawn through point V to intersect in a point Q on the 
v-axis. If a line PT is then drawn through P, perpendicular 
to OP, this will be a tangent to the isocline through P. 
A proof of this follows from simple geometry. 

Since PT is perpendicular to PQ, the triangles TSP and 
QVP are similar, and the following proportion holds: 
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SP: ST =VQ: VP 
i.e. : 
Qe 21d = Git. Oe — VO as os cas (12) 
which agrees with equation (11). 
The radius for the circle of best approximations at a 
point on a curve, y = f(x), is given by the formula: 
ee [1 + (dy/dx)*}*/? 
d’y/ dx? 
For the isocline, this becomes: 


_ [+ (dy/dxy}? [(du® + dve’)/(du*)}** 
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Fig. 4. Derivation of construction 





yi Es Sele ck conte (14a) 
d’vo' | du’ 
from the geometry of Fig. 4: 
dw/du = Ferlot ba taeda benaabynee (15) 
Vo — Ve 
thus: 
k*/(vo’ — vx)° 
Sagi Oe AR ee (16) 
and also from the geometry of Fig. (4): 
d|du (dvc’ |du) = d/du ( sages -) 
veo —-¥t 
from equation (11), therefore: 
Big Oe oe Saree ee (17) 
(vc’ — vt) 
Substituting this into equation (16): 
— k*/(ve—Vv+) 
9= (vo — ¥) —ud/du (vo — vw) 
_k 
9 = Gel — vP —u (we — v) d]du (ve — vo) 
ARs ty ar (18) 
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Since a function multiplied by its first derivative is equal 
to the sub-normal, it can be seen from Fig. 4 that: 
(vc’ — Vt) d/du (v0’ -_ Vt) iad TT re eee (19) 
The negative sign in equation (19) is important and 
follows from the fact that here, (vc’ — vt) is positive and 
the slope d/du (vc — v’) is negative. Thus: 





a= Ls. ie Ere (20) 
we — VM) +t 
and from geometry: 
CU ee ds (21) 
Introducing this into equation (20): 
tes ok cenit a ees sonsae (22) 


This means that a short arc of a circle with centre Q 
through point P will be a good approximation to a short 
section of isocline through P. It is important to note that 
this approximation can be made as close as desired simply 
by restricting the length of the arc used. The negative sign 
indicates that the curvature (which is the reciprocal of a) 
is negative, i.e. that with increasing u, there is a decrease in 
isocline slope. 

It is important to observe that the voltage (vo’ — v:) 
which appears in Fig. 4 is the value of the voltage across 
the inductance. This follows directly from equations (8a) 
and (3). 

If the transistor circuit is connected to the load circuit, 
or under the influence of external disturbances, such as 
switching voltages, counting pulses, etc., the system will be 
moved to a point P. From there, the voltage-current trajec- 
tory for the capacitor terminals will trace out a path along 
the isocline. The trajectory will eventually come to rest in 
a point or it will reach a limiting oscillation round a closed 
path. 

In tracing out the isocline paths it is useful to establish 
the lines along which the isoclines intersect parallel to the 
u and v axes. Equation (11) provides a criterion for this. 

For intersection parallel to the u (horizontal) axis: 


dvc’/du = ——=0.......... (23) 


(24) 
This means that the isoclines intersect the v-axis horizon- 
tally, ie. dvc’/di, the incremental impedance of the capaci- 
tance is zero when the current goes through zero. 
For intersections parallel to the vertical axis: 


Se ae. a 


Vo — Vt 


-. Wt = Ve 





SRP oka a Saks (26) 

This means that the isoclines intersect the combined resist- 
ance plus transistor curve vertically; in other words, the 
incremental impedance of the capacitance becomes infinite 
when the voltage across the capacitor is equal to the 
negative of the combination vi: = vr + vr, i.e. when the 
voltage across the inductance is zero. 

A practical example is given below to illustrate this 
method. Fig. 3 shows a transistor input characteristic 
exhibiting a negative resistance region. The remainder of 
the circuit contains an inductance, a capacitance and a 
resistance of the following values: 


L = 2500uH 

C = 0-01pF 

R = 2000 
VL/C = 5000 
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As it stands, Fig. 3 would only be useful for a V(L/C) value 
of 10009. This means that the graph has to be re-scaled 
making ImA in the i direction equivalent to 0-5V in the v 
direction. 

The re-drawn diagram is shown in Fig. 5. A suitable 
portion of this plot is enlarged and re-drawn in dotted lines 
in Fig. 6. The line for the resistance R can be drawn quite 
easily because the u axis has been calibrated both in volts 
and their mA equivalents. The combined total resistance 
characteristic v; is obtained by adding the two curves. It is 
shown in heavy black line in Fig. 6. 

An arbitrary point P is now chosen as a starting point. 
The isocline through this point is approximated by the 
circular arc through P with its centre in Q. Q is found by 
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Fig. 5. Re-scaled transistor input characteristic for \/L/C = 500Q 


drawing an ordinate through P and a horizontal line 
through the intersection V with the v; curve. The hori- 
zontal line then intersects the v axis in point Q. If the 
diagrams are plotted on graph paper, a large number of 
short isocline-arcs can be drawn quickly without the need 
of drawing auxiliary lines PV and VQ. 

It is often useful to cover the voltage-current plane area 
under consideration with a large number of isocline arcs. 
This can be done very rapidly in the following manner. 

(1) Draw a vertical line across the whole length of the 
graph area. 

(2) Find point Q on the voltage axis by going across 
horizontally from the intersection point of the curve 
and the vertical line. 

(3) With the compasses centred in point Q, strike a 
series of short arcs across the vertical line. 

(4) Repeat the process for other vertical lines. 

This is illustrated in Fig. 6. 

A trajectory can then be drawn for any chosen starting 

point. 

Using this method and joining isocline arcs into trajec- 
tories, a whole family of curves has been drawn in Fig. 7 
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for the circuit of Fig. 1. As can be seen from the illustra- 
tion, there is one stable point into which all trajectories 
converge. At this point, the voltage vo’ = —2V, therefore 
the voltage across the capacitor is +2V and there is no 
current flowing through the circuit. The direction of travel 
along the isocline can be established from the fact that i 
is the current charging the capacitor. Therefore, the volt- 
age —Vo' = vo must decrease with time so long as i is 
positive. Therefore vc’ must decrease with positive i and 
u. 
Fig. 8 shows a circuit including the same transistor and 
external circuit, but including emitter bias to shift the 
operating point into the negative resistance region. The 
isocline diagram for this circuit is shown in Fig. 9. 

It is apparent from this isocline diagram that all trajec- 
tories eventually merge into the cyclic path X-Y-Z. In other 
words, the circuit of Fig. 8 is an oscillator circuit. For such 
a circuit there are the following classes of trajectories. 

(1) The origin. This is a point of unstable equilibrium. 
The circuit noise alone would suffice to produce a dis- 
turbance so that the operating point moves outwards. 


(2) An outward moving trajectory. Such a trajectory 
follows a path such as the isocline O.S.P.X-Y-Z-X-Y, 








etc. 
Fig. 6. Construction of isoclines 
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Fig. 7. Isocline diagram of transistor circuit biased to staple point 


(3) An inward moving trajectory. Such a trajectory 

follows a path such as the isocline W-X-Y-Z-X etc. 

(4) The cyclic path X-Y-Z. 

Following round the oscillatory path it is interesting to 
observe that in the regions Y-Z and Z-X the voltage changes 
across the inductor are of the same order of magnitude as 
those across the capacitor. The path resembles part of a 
circle and the movement corresponds to under-damped 
conditions. 

In the region from X to Y, however, most of the voltage 
change and voltage drop occur across the capacitance, the 
voltage drop across the inductance being negligible 
by comparison. The movement in this region corresponds 
to overdamped conditions and the path resembles a straight 
line. 

This means that the circuit of Fig. 8 operates partly as a 
sinusoidal and partly as a relaxation oscillator, over the 
paths Y-Z-X and X-Y respectively. Because along the path 
X-Y little voltage is dropped across the inductance, the 
current change must take place at a comparatively slow 
rate, i.e. the capacitor charges up at a nearly constant 
current rate (via the high reverse resistance of the emitter). 
As soon as the characteristic bends below the slope of 2, 
corresponding to critical damping, i.e. the incremental 
damping resistance being equal to 2 V(L/C), an appreciable 
voltage drop begins to develop across the inductance (just 
past point Y), i.e. the current changes more rapidly. Since: 


Fi Se ere sree (27) 


the horizontal component of the velocity along the trajec- 
tory is proportional to vz, the voltage drop across the 
inductance. Similarly, since: 


dvc/dt = —dvo'/dt=i/C  ........4.. (28) 
the vertical component of this velocity is proportional to 


ELECTRONIC ENGINEERING 








the current i. 


As the graph involves a scale factor, these equations are 


re-written below. 
(di/dt) V(L/C) = (v1/L) V(L/C) 


daldt=wl VGC) W222... cases (29) 
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Fig. 8. Transistor circuit with positive emitter bias 
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Fig. 9. Isocline diagram of transistor circuit biased for oscillation 


and: 
(dvc’/dt) V(L/C) = -—(1/C) i V(L/C) = -(1/OC) u 
dvo’/dt = —(1/C) u V(C/L) 


duo [dt = — uf V(LC) ............ (30) 


The velocity is therefore equal to: 
K = V[(dvc’/ dt)? + (du/drt)"] 


* u’? re vy 
= LC 
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But it can be seen from Fig. 4 that: 


Jf CS! | ee ee (32 
thus, defining w. = 1/ V(LC), we obtain: 
K — wok SE ee ee he eee ee (33) 


The velocity along the trajectory can therefore be calcu- 
lated quite easily from the above formula. Since w. = 
1/ V(LC) is constant, the velocity along the trajectory is 
proportional to the radius of the arc used in the construc- 
tion of the isocline. 

Following the outward moving trajectory, one thus finds 
that starting in the direction towards S, vz is initially small, 
the speed is small, the charge of the capacitor being deter- 
mined by the voltage and the high negative slope resistance 
in this vicinity. As the slope of the v, curve decreases, the 
incremental resistance decreases, damping is reduced, and 
an appreciable voltage ui builds up across the inductance. 
As the incremental resistance is reduced, the voltage 
changes across L and C become equal and opposite as v. 
goes through zero, i.e., as the two curves cross point S. 
By that time k has become considerably larger and remains 
fairly constant while the trajectory traces a nearly semi- 
circular path from § to X. This region is characterized by 
the fact that OP remains approximately constant and it 
can be seen that: 


LOOP]? =a? 4-90) 0s)" iv oss occas (34) 
Thus: 
heat () ec.) ee (35 
ERO NAC TT) WOR 6k onan (36) 
and: 
(vo — vo) =~ OP SiNwit ............ (37) 


indicating approximately harmonic motion. (The accurate 
behaviour of the system is, of course, given by the graph 
and can be evaluated with any desired accuracy within the 
limits of plotting error). 

In the vicinity of point X, a drastic change is brought 
about by the bend towards the steep portion of the v: 
curve, and as soon as the trajectory crosses the v; curve, 
the voltage vc across the capacitance rises at a nearly con- 
stant rate up the line X-Y (charging at a nearly constant 
current through the high and practically constant incre- 
mental resistance portion X-Y). Here, there is practically 
constant k again, but while previously the movement was 
harmonic, it now follows a straight line path. Thus: 


Lea. > Serco CC Pe Nena (38) 
Te eR Miche Sadek ees (39) 
— WG IE = Kiby aioe ns os edess (40) 


but since vz is small, ku and therefore: 
kwo = uV(1/LC) = iV(L/C) V(1/LC) =i/C .. (41) 


rk oli | Lge) | | Ogee pan pea aed er (42) 
—vo =(1/C)fidt=it/C ........ (43) 
since: 
_ Vo’ = Vo 
POPC. 62 FB OONBE, oes cen sine (44) 
An alternative approach is to express vc in terms of the 
graph, i.e.: 
Ne ee oo Se er ee (45) 
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where vx = voltage at point X. 
x = time after passing through point X.. 
Vo’ ~ vz + iV(L/C)/ V(LC) ts 
—Vo = Vo’ ~ ve + itz/C (46) 
since vy and vx (the voltages at Y and X) and the current 
i can be read off the graph, the time of movement from X 
to Y is: 


VE — Ve 
; Be Ste seep Ate rens 
i.e. txy = RxyC 


vy = VE 
where Rxy = ———— 


fixy = 


l 

Rxy being the effective “ back resistance” over the region 
X-Y. 

After passing point Y, the trajectory continues round the 
cyclic path YZX. 

For example, w. = 0:2 radians/ usec, 

ie., a frequency fic = 30kc/s, 
thus, fic = 1/firc = 33 usec. 

The portion Y-X being about three-quarters of the circle, 
the duration for this path is approximately 25usec. 

The approximate time taken for the path from X to Y 
can be calculated from equation (47). 


9-8 


x 10" x 0:01 x 107° 


fxy = 





= 14x 10° 


txy = 14usec. 
The total cycle takes approximately 39usec round the 
path XYZ, i.e. longer than the period of resonant 
oscillation. 


Conclusion 

This method is useful for the study of negative resistance 
circuits of the short-circuit stable as well as the open- 
circuit stable variety. Although only the open-circuit stable 
circuit has been described in this article, it can be seen quite 
readily that the short-circuit stable case can be treated in 
a similar way, by exchanging voltage for current, induct- 
ance for capacitance, parallel for series connexion, etc., in 
other words, by applying the principle of duality. The 
algebraic as well as the graphical treatment then becomes 
formally identical for the two cases. 
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A Voltage Stabilizer for Photo-multiplier Tubes 
By G. N. Davies*, B.Sc. 


With the increased use of photo-multiplier tubes for precision measurements in the various fields 
to which electronics have recently found application, a need arises for a suitably stable source 
of operating voltage. A basic design is described having a moderate stabilization ratio, together 
with modifications for achieving greater stability and also for running several tubes from the same 


supply. 


HE normal nine-stage photo-multiplier tube, e.g. the 

RCA 931A, requires a total supply voltage of about 
1000V in order to achieve the high sensitivity associated 
with these tubes. This voltage is divided by a resistive 
chain, so that approximately equal voltages are applied 
between successive dynodes; normally this is about 100V 
per stage. In order to ensure that the dynode potential 
does not alter during operation of the photo-tube, it is 
essential to have a considerably larger current flowing 
down the resistive chain than that taken by the tube itself. 
Hence the total current required from the power supply 
will be of the order 3 to SmA per tube. 

From the data for the 931A photo-multiplier it will be 
seen that a 10 per cent change of the applied voltage per 
Stage results in as much as 50 per cent change in the 
sensitivity of the tube. Clearly, then, for any quantitative 
measurement it is essential to maintain .a stable source of 
voltage for supplying a photo-multiplier tube. 

Information in the literature concerning stabilized power 
supplies to give between 5 and 10mA at 1 OOOV is surpris- 
ingly sparse. Benson! has described several circuits for 
microwave oscillator power supplies, the requirement there 
being a current of about 6mA at 1 600V. It is possible to 
adapt these circuits for supplying photo-multiplier tubes 
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with only minor modifications, but the development of 
new types of valves, in particular the S.T.C. type G400/1K 
gas-filled regulator, makes it possible to evolve a voltage 
stabilizer expressly for the requirements on hand. 

The circuit shown in Fig. 1 is the logical development 
of one of the designs referred to above. A type G400/1K 
tube is used as the reference element and the two halves 
of a type 13D3 double triode valve are used, one as the 
control amplifier and the other as the series element in 
the stabilizer. This use of a single valve is made possible 


Basic circuit of 1kV stabilizer 


Fig. 1. 
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by connecting the valve heater to a point the potential of 
which lies midway between the two cathode potentials. 
This potential is obtained in this circuit by a tapping on 
a resistive chain and ensures that in neither half of the 
valve is the recommended heater-cathode voltage exceeded. 

With this circuit a change of 10 per cent in the input 
voltage is reduced to a variation of 1 per cent at the 
eutput. With an output current of SmA, a change of 
input voltage from 1 150 to 1 500V can be accommodated 
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Fig. 2. 





Stabilizer employing two neon tubes as reference element 


without exceeding the rating of any of the components. 
Any increase in the stabilization ratio of this circuit is not 
readily achievable due to the large amount of current 
feedback developed across R, in the cathode of the control 
valve. If, however, the reference potential is obtained with 
respect to the negative instead of the positive line, it is 
possible to overcome this disadvantage as shown in Fig. 2. 
However, in order to keep the anode voltage of the 
control valve within its maximum rating it is necessary 
to use two type G400/1K tubes in series as the reference 
potential. 

A rather better modification is given in Fig. 3, where, 
in addition to dispensing with the unwanted feedback, 
increased gain is achieved by using a cascode amplifier. 
Here again the heater of the control valve must be 
connected to a potential lying midway between the two 


cathode potentials, a requirement met by making a tapping 
on the resistor chain. In this circuit a separate heater 
supply must be used for the series valve, but since the 
stabilizer is run with the positive of the output earthed 
this requirement can be easily met. The choice of the 
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Improved circuit for 1kV stabilizer, using cascode amplifier 





—— 
Fig. 3. 


series valve depends on the load to be taken and the 
maximum variation of input voltage likely to be encoun- 
tered. 

In the design given, which was required to supply two 
or three photo-multipliers, two halves of a type 12BH7 
have been connected in parallel to supply an output 
current of 10mA. With this circuit the permissible varia- 
tion in input voltage is between 1050 and 1 500V. A 
stabilization ratio of better than 500 is achieved with this 
circuit, making it ideal for use with photo-multiplier tubes 
for detecting small changes in luminous intensity. 
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A. Decade Counter Tube Beam Switch 


By G. P. Tonkin*, B.Sc. 


A ten-way beam switch for five periods of repetitive frequency modulated wave (such as a tele- 

metry sub-carrier) and five different calibration frequency periods, all in sequence, is described. A 

decade gas counter tube is used as a commutator before the discriminator to give a very simple 
and reliable circuit. 


} usual methods of beam switching to produce a so- 
called “simultaneous” display of several oscillograms 
depend on gated amplifiers, and the strobe generators to 
open and close these can be very complex. For example, 
a four-way switch of conventional type required four 
double triodes in the waveform generator, with four 
suppressor-gated pentodes carrying the signals. 

The advent of the multi-cathode gas counter tube has made 
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it possible to reduce the number of valves in the generator, 
especially for the more numerous time subdivisions, but 
the gated amplifiers must still correspond in number. 

However, special cases arise where the counter tube can 
effect greater economy, and one of these is the histogram 
display of frequency against time. Here a frequency dis- 
criminator must at some stage convert frequency into d.c. 
level, usually prior to the deflexion amplifiers, and the 
advantage to be gained is that beam switching may precede 
the discriminator. 


JULY 1955 


el 


LATTE TE RESET 


RR 





eer meer 78 


a 


~ ror 








The 
result 
system 
hundre 
lines c 
quenci 
not mc 
be the! 
of the 
repetiti 


RS 


Sync ~ 





of tir 
altern 
freque 
carrie 
inject 
“ Nor 


anode 
calibr 
discri: 
tube. 
In 


JULY 





ing 
ter 
the 
1ed 
the 


LE RE at RES TE 





See 


The particular histogram under consideration was the 
result of a time-sharing frequency-modulated telemetry 
system in which the sub-carriers were of the order of 
hundreds of kilocycles per second. It was required that 
lines corresponding to crystal-controlled calibration fre- 
quencies should be superimposed on the display, but that 
not more than half of the intelligence display time should 
be thereby lost. The sub-carrier repetition frequency was 
of the order of 100c/s, so that a trigger pulse of this 
repetition was available. 


displayed only ten times per second, and some flicker is 
observed. This is quite acceptable since the lines are present 
as a graticule only, and are fixed in position. The tube 
may be triggered up to 1 000c/s giving waveforms suitable 
for this service, and, had it been possible to use such a 
rate, flicker would not have been evident. 

From the circuit diagram (Fig. 1), it will be seen that 
the capacitive cathode returns of the Nomotron are made 
via the cathode loads of the signal sources, the capacitance 
being increased accordingly. The tube allows of alternate 
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Fig. 1. 








Fig. 2. Am under chassis view 


A ten-way switch was decided upon, alternate divisions 
of time being assigned to intelligence, and the other 
alternate frames being divided between five calibration 
frequencies. It was found that if suitable levels of sub- 
carrier and calibration signals were used, they could. be 
injected into the cathode capacitance lines of a CVX2224 
“Nomotron” (S.T.C. G10/241E), the tube becoming a 
commutator with a discharge “wiper” attached to the 
anode. From this anode the sequences of intelligence and 
calibration could be led through a common frequency 
discriminator and d.c. deflexion amplifiers to the display 
tube. 

In this particular application each calibration line is 
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Calibration oscillator 


ISK 470K2 


calibration oscillator circuit 





Fig. 3a) 24 switched channel telemetry signal 
(b) Telemetry aeddniee characteristic for particular voltage input swing 


cathodes being strapped, and this offered a simple means 
of injecting the five sub-carrier frames per rotation. 
Triggering of the counter tube followed standard practice, 
except that a hard tube was used. To avoid crosstalk, 
screens between the cathodes at the tube base were neces- 
sary (Fig. 2), and it was found from this standpoint and 
from the standpoint of freedom from interference by the 
signals in tube triggering, that an amplitude of 10V should 
not be exceeded in the inputs. 

The appearance of the display is shown in the photo- 
graph (Fig. 3). The circuit has been found very reliable 
in operation; and in that only three electronic tubes are 
associated with it, one of them having no heater, is very 
economical for what is, in effect, a ten-way beam switch. 
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A Radio-frequency Method of “ Zone” Location for Paper 
Chromatography and Electrophoresis 


By G. G. Blake*, B.Sc., F.Inst.P., M.I.E.E. 


This article presents a new method for locating zones in paper chromatography. The arrange- 
ment of the electrode separated by an insulator from the chromatographic strip is a variation 


of the author's original “Conductimetric tube’. 


A circuit is given also whereby amplification is 


obtained by use of a transistor. 


HE process of chemical separation by adsorption as 

first suggested by Tswett' in 1906 is now well known 
and in general use. Substances are separated by passing 
them in solution through a column of adsorbent, after 
which the column is washed through with solvent and its 
contents form into bands or zones as they are adsorbed. 
One of the more important developments of this technique 
which is employed by analysts is known as “paper 
chromatography”. 

A strip of filter paper is suspended in a closed tube 
above and dipping into a small quantity of the chemical 
mixture to be analysed. The latter gradually rises by 
capillary action until finally it reaches the top of the strip. 
As it travels the different constituents are adsorbed and 
separate to form bands or zones, some of which are 
coloured and some colcurless. Repeated washings with 
the same solvent increases the zone concentrations. Among 
its many and varied uses this method is employed in the 
analysis of drugs, foods, dyes and oils. One of the great- 
est difficulties is to locate colourless zones, especially when 
2 number of them are present on one chromatographic 
strip. 

Such colourless zones 
are made from mixtures i 


en occur when chromatographs 
which metallic ions are present. 


R.Rf. Method of Zone Location 


This article presents an electrical method for discover- 
ing the exact positions of ions along the filter-paper strips 
employed for chromatography, also for measuring their 
rates of migration. 

The simplicity of the process can be seen from the dia- 
grams. As an example cf the procedure, take the case of 
an aqueous mixture containing ions of several different 
metals. 

Firstly they are separated along the strip in the usual 
manner by capillary attraction, employing the method 
suggested by Martin, Consden, and Gordon’. While the 
strip is still damp it is sandwiched between two strips of 
glass G in the accompanying figures. Two spring clips (not 
shown) supply an even pressure on the glass and hold it in 
position. The r.f. field around the electrodes is restricted 
by a metal shield which is earthed. (See Fig. 1(b)). The 
leads to the electrodes are also shielded. 

After adjusting the meter reading (by means of the 
zere-shunt, Z Fig. 2) so that it registers zero for a portion 
of the damp strip on which none of the metallic ions are 
located, the strip is passed slowly across the electrodes 

As each congregation of metallic ions crosses the gap 
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the meter deflexion will rise to a sharp maximum, and will 
then gradually fall back to zero. 

To obtain an indication of the magnitude of the meter 
defiexions obtainable the following rough test was made: 

A strip of filter-paper 2-5cm wide was damped with 
distilled water and two separate bands of KCl each about 
4mm wide were painted across it. The concentrations 
respectively being N/10 and N/400. The paper was then 


ape a 


(a) 














(b) 





Fig. l(a). The chromat 
and below the strips of 


phic zone locater is seem in position above 
between which the paper chromatograph is 
sandwiched. 


(b) This sketch indicates the gemeral appearance of the zone-locater. 


placed between two strips of glass and passed across the 
gap between the electrodes. Readings were then taken 
first using the diode circuit Fig. 2 and then with the tran- 
sistor circuit Fig. 3. The results were as follows: 


TRANSISTOR CIRCUIT 
KCI N/10  51-4uA N/10 360uA 
N/400  7:15pA. N/400. 50uA 


Quantitative results were not attempted as the quantities 
of KCl applied by brush were empirical. The coupling 
between the oscillator and electrode E (about 10uF) was 
extremely weak and could quite well have been tightened 
so as to have increased the meter deflexions by four or five 
times, and still without causing any appreciable rise in the 


DiopE CIRCUIT 
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temperature of the strip. The two variables in these im- 
pedance measurements upon which the meter deflexions 
depend (the other parameters being treated as constants) 
are resistance and capacitance. When the resistance is low, 
as is the case where the metallic ions are present, the 
capacitance variation may be an almost negligible factor, 
and the change in dielectric constant may be also insignifi- 
cant. However when the zone is practically a non- 
conductor, capacitance and dielectric constant become 
important factors. It is likely therefore that this method 
may be applicable to bio-chemistry and the study of 
enzimes and proteins and to their rate of travel in an elec- 
tric field. It may possibly find use also in the hands of the 
haematologist. 

If the foregoing scheme is applied to electrophoresis a 
radio-frequency choke or chokes should be included in the 
d.c. circuit. It should then be possible for observations to 
be made while the constant current is in operation. 

As the ends of the strip must dip into solution containers 


From 
oscillator 

















“Ht 


Fig. 2. This is a simple crystal diode circuit by means of which the 
ionic bands or zones are indicated by microammeter deflexions 


it would be better probably to have the electrodes as the 
moving member. 


The work of developing this new technique is proceeding. 


Description of Apparatus 

The oscillator is not shown in any of the diagrams. A 
suitable 1Mc/s oscillator was described by the author for 
use with his r.r.f. method of titration*. If this is used it will 
be necessary to include a small coupling capacitor (of the 
trimmer type) between the output from that instrument 
and electrode E. This is marked C in Figs. 2 and 3. 

The radio-frequency impulses pass as displacement 
currents through the lower strip of glass (which should be 
as thin as possible), thence across the filter-paper and 
through the glass again to the second electrode E’, and 
from there through the crystal diode MR to earth. L is 
a radio-frequency choke which while preventing the pas- 
sage of r.f. through the 0 to 60 microammeter M allows 
the rectified current to pass. 

The zero-shunt circuit gives control of the position of 
the meter needle‘. 

The two electrodes E and E’ are strips of metal foil 
each 1:2cm wide by 3-6cm long, and the gap between them 
is Imm. They are attached to an ebonite base with rubber 
solution. It is necessary that very thin foil be used in 
order to reduce the capacitance of the gap to a negligible 
quantity. Fig. 1(b) is a sketch to illustrate the manner in 
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which the mechanical part of the instrument is arranged. 
The distances between the various zones of ionic intensity 
are accurately measured against a scale § along the top 
of the wooden guide Q as each maximum meter deflexion 
is found. The rest of the sketch and the diagrams are self 
explanatory. 

The author’s Q-metric method as employed for measur- 
ing the rate of liquid diffusion in glass tubes with his 
original diffusiometer and micro-diffusiometer® could be 
used for the present work. However he has found his 
r.r.f. method easier to operate and would recommend 
instead that r.r.f. be employed to replace his earlier Q- 
metric circuit* °. 


Transistor Amplification 
The author published a circuit recently® in which a tran- 
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Fig. 3. A tramsistor circuit which performs the -. function first of 
rectifying and then of amplifying the current after it has been modified 
by its passage through a zone 


sistor served the dual purpose of rectification and ampli- 
fication, use is made of this in Fig. 3. A GET1 transistor 
takes the place of the diode seen in Fig. 2. By the employ- 
ment of this circuit up to sevenfold amplification is 
obtained without the necessity of increasing the r.f. current 
passed through the paper strip. By its use, as demon- 
strated by the preceding experiment, greatly increased 
sensitivity is available. However the simple diode circuit 
in Fig. 2 is sufficiently sensitive for most metallic solutions. 
The variable resistor R (50k) gives a very fine control of 
the negative voltage applied to the collector of the 
transistor. 
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Notes from 


North America 


Conference on Aeronautical and Navigational Electronics 
LANS for the 1955 East Coast Conference on Aero- 
nautical and Navigational Electronics, to be held 31 

October and 1 November, have been announced jointly by 

the Baltimore Section of the Institute of Radio Engineers 

and the IRE Professional Group on Aeronautical and Navi- 
gational Electronics. The conference will be held at 

Baltimore’s Lord Baltimore Hotel. 

The technical portion of the conference will be devoted 
to the general field of Aeronautical and Navigational 

Electronics. 


National Electronics Conference 


HE eleventh annual Conference will be held 3, 4 and 
5 October, 1955, at the Hotel Sherman in Chicago. 

Mr. O. I. Thompson, Educational Director, DeVry 
Technical Institute, Chicago, Illinois, has been elected 
president of the 1955 National Electronics Conference, Inc. 
Mr. G. E. Anner, Associate Professor, Electrical Engineer- 
ing Department of the University of Illinois was elected 
Chairman of the Board of Directors. 

The Conference is sponsored by the American Institute 
of Electrical Engineers, Illinois Institute of Technology, 
Institute of Radio Engineers, Northwestern University and 
the University of Illinois with participation by Michigan 
State College, Purdue University, University of Michigan, 
University of Wisconsin, Radio-Electronics-Television 
Manufacturers’ Association and the Society of Motion 
Picture and Television Engineers. 

The “Proceedings of the National Electronics Confer- 
ence ”’—1954, Vol. 10, is available from the National Elec- 
tronics Conference, Inc., 84 E. Randolph Street, Chicago 1, 
Illinois. This book contains all of the technical papers 
and luncheon addresses presented at the 1954 Conference 
and a cumulative index by subject and author of all of the 
technical papers presented during the ten-year life of the 
National Electronics Conference. 


Nuclear Battery 


NUCLEAR battery that converts nuclear energy into 

electrical energy has been developed by the Patterson- 
Moos Research Division of the Universal Winding Com- 
pany. 

It is claimed that the battery is capable of performing 
reliably under temperature conditions ranging from 
—60°F to +160°F and has an operating life in excess 
of 25 years. Three models are available with voltage and 
current ratings ranging from 1V to 10kV and SuyA to 2uA. 
The disintegration of Strontium 90 is used as the energy 
source, and the company states that the external radiation 
of the battery is within the Atomic Energy Commission 
tolerance limits. 

One of the models is a multiple voltage source with taps 
at 1, 10, 100 and 1 00OV and a current of 2uuA. Another 
supplies a voltage of 375V at a current of 50uuA, while the 
third model is a high voltage source supplying 10kV, its 
current rating being 500uuA. This model is less than 5 cubic 
inches in size. 
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Low Noise Oscilloscope Pre-amplifier 
Eee VS61A_ oscilloscope pre-amplifier made by the 
Volkers and Schaffer Manufacturing Corporation is a 
sensitive dual input adding or differential amplifier having 
substantially less than 1uV r.m.s. noise. 

Walter K. Volkers and Norman E. Pedersen have shown 
that transistors, contrary to general experience and opinion, 
are inherently less noisy than valves, if suitable operating 
parameters are selected. The resulting, new “ hushed tran- 
sistor amplifier”, having less than 1uV r.m.s. noise over a 
frequency band of 60kc/s, provides the input stages of the 
VS61A. Additional amplification is provided by valves. 

The amplifier has a stage selector switch which provides 
a choice of either straight valve amplification (maximum 
gain 10, input impedance 100kQ, frequency response 2c/s 
to 250kc/s) or combined transistor and valve amplification 
(available maximum gains 200 and 1 000, input impedance 
1kQ, frequency response 2c/s to 60kc/s). The maximum 
noise with straight tube operation is 5uV r.m.s. over the 
full 250kc/s pass-band and with transistor and valve opera- 
tion usually much less than 0-5uV r.m.s. over the full 
250ke/s pass-band. 


Remote Control of Jet Fighters 


A NEW, improved system for remote control of jet 
fighter aircraft, on special “drone” missions, pilotless 
intercept or nuclear tests, was announced recently by the 
Air Research and Development Command of USAF and 
the Sperry Gyroscope Company. 

The system provides automatic take-off and landings, 
with exact control at all times by radio and radar during 
climb and dives, cruise, orbiting or other aerial manceuvres. 

New u.h.f. radio guidance and command sub-systems 
supply “ tighter ” precision signals to the drone fighter craft, 
from USAF jet pilots at the “ beeper” ground stations or 
in an accompanying jet “ director” plane. 

If all control signals should be cut off while the drone is 
airborne, if it is below a pre-selected altitude, in 5 
seconds electronic controls take over the plane—and it 
begins a full-power climb of exactly 7 degrees, retracts 
dive flaps if these were extended, and at 200 mile/h changes 
to a climbing turn to the left until proper altitude is reached. 
Then it engages altitude control and continues a left-turn 
orbit at 265 mile/h, at this constant level and position— 
until signal is restored to guide the aircraft back for normal 
landing procedures. 

If the plane is above selected altitude, or perhaps even in 
a critical take-off climb when signal shut-off occurs, the 
safety control takes over all required measures to ene 
a station-keeping orbit at proper altitude. 

In the new control layout, special care was given to 
accessibility of sub-systems and components for ease of 
maintenance, and to design simplicity for manufacturing in 
production quantities. Size and shape of numerous 
elements have been reduced, in order to retain the standard 
Lockheed F-80C cockpit arrangement, especially for all 
flight safety and emergency controls. A safety pilot is 
frequently carried, during training or flight test check-outs 
of the airborne system. 

Noteworthy improvements include new anti-skid control 
in the remote brake sub-system; centre-line tanks with para- 
chute recovery gear for certain recording instruments; and 
improved provisions in the nose section for a telemetry 
system of coded signals air-to-ground and _ air-to-air. 
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LETTERS. . +O 


THE... EDIFOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Computation of Waveguide Wave- 
lengths from Free-Space and 
Cut-Off Wavelengths 


Dear Sik,—In the course of. microwave 
measurements it is often desired to cal- 
culate waveguide wavelength in terms of 
free-space wavelength and cut-off wave- 
length. The value may be worked out 
directly from the well known equation : 

1/Ao? = 1/Ag? + 1/e 
where A, is the free-space wavelength 
A, is the guide wavelength 
A. is the cut-off wavelength 

The following procedure, however, 
enables the calculation to be made quickly 
and easily on an ordinary slide rule 
having A, B, C and D scales with a mini- 
mum of scale settings and mental effort. 
The method follows from expressing the 
above formula in the form 

= Ne! V (Ac? / Ao? 5] 1) 
The procedure is :— 
(1) Set cursor over Yc on D. 
(2) Bring A. on C under cursor. 
(3) Note value on A opposite the “1” or 
“100” on B and subtract unity. 
(4) Set cursor to new number on A. 
(5) Bring Ye on c under cursor. 
(6) Read answer on c opposite “1” or 

“10” on D. 

The method can be easily adapted tv 
give A. in terms of A, and 2, if required. 
Yours faithfully, 

T. H. B. BAKER, 
The British Thomson-Houston 
Co. Ltd. 
Rugby. 


Feedback Amplifiers 


Dear Sik,—With reference to my letter 
appearing in your May issue, I wish to 
point out three errors. 

In the paragraph following Fig. 4, 
“Zw = Z(L + m)” should read “ Z;. = 
Z;/(1 + m)”. 

Equation (3) should read:. 

—-m 
= Zil/Z. + (1 + m)/Zs) + “* 

hs the last paragraph of column one the 
expression “m/1 + mZ,;” should read 
mZ;/1 + m, 

I apologise if these errors are due to 
my part in correcting the proofs. 


Yours faithfully, 
C. W. Warp, 


Plymouth, 
Devon. 





A Design Method for Direct-Coupled 
Flip-Flops 

Dear Sik,—In their interesting article 
(June, 1955, issue) Mr. Renwick and Mr. 
Phister use the word “ flip-flop ” thirty- 
seven times in referring to the circuit 
(once, in the title). Indeed it has now 
become a fairly widespread habit to refer 
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to the bistable trigger circuit as a flip-flop, 
but it is hardly correct. While one does 
not want to be pedantic about the mat- 
ter, it is perhaps worth while pointing 
out that Mr. O. S. Puckle in his book 
“Time Bases” does (on. p. 56) give the 
original usage of the term (i.e. for a 
monostable circuit which “flips” over 
when triggered and “ flops” back again 
after a predetermined relaxation time in- 
terval, usually given by an RC com- 
bination) and he distinguishes clearly be- 
tween this circuit and the Eccles-Jordan 
d.c. coupled trigger with two stable limit- 
ing conditions which, as he says, was 
developed prior to the flip-flop. 

In view of the fact that Fig. 1 of your 
authors’ text shows a bistable trigger cir- 
cuit, but is captioned “the flip-flop 
circuit” it seems that a continuation of 
this habit might be confusing. If we do 
need a shorthand for the bistable trigger 
why not use “flip-flip”? It is more 
accurately descriptive and less misleading. 

Yours faithfully, 
P. G. M. Dawe, 
Institute of Experimental 
Psychology, 
University of Oxford. 


The Author’s reply : 


DeaR SirR,—Mr. Dawe has partly 
answered his point in the second sentence 
of his letter in which he says, “ it has now 
become a fairly widespread habit to refer 
to the bistable trigger circuit as a flip- 
flop.” Although originally the name 
“ flip-flop ” was given only to the mono- 
stable trigger circuit, for several years 
now it has been in wide use to denote the 
bistable, or Eccles-Jordan circuit (see, for 
example, page 595 of Radio Engineer- 
ing by F. E. Terman, or page 843 of 
Electronic Circuits and Tubes by the 
Electronic Staff of the Cruft Laboratory). 

The term “trigger” is also used as a 
short description of the circuit but this 
can easily be confused with the actual 
impulse triggering the circuit and should 
be preferably used only with this mean- 
ing. It is of interest to note that “ gate” 
and “trigger” have been used as syno- 
nymous (see page 349 of Theory and Ap- 
plications of Electron Tubes by, i: an 2 
Reich), but that the name “ gate ” is now 
only given to a completely: different cir- 
cuit. Finally, the name “flip-flop” is 
common to several languages with the 
meaning given by the authors in the 
article in question. 

Yours faithfully, 
W. RENWICK, 
The University Mathematical 


Laboratory, 
Cambridge. 


Cascode Amplifier Degenerative 
Stabilizer 


Dear Sir.—I am glad that attention 
has been drawn so clearly to the features 
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of the cascode type of amplifier in its 
“ starved” form by V. H. Attree on page 
174 of your issue of ELECTRONIC 
ENGINEERING for April, 1955, under the 
title “A Cascode Amplifier Degenera- 
tive Stabilizer”. It is interesting to note 
that E.M.I. Engineering Development 
Ltd. has found the circuit most valuable 
for voltage stabilization, particularly 
where high gain without phase change is 
necessary with a minimum of equipment, 
and have been using a circuit in this kind 
of way as long ago as 1951. To the best 
of my knowledge, Messrs. Hine and 
Roche were the first to propose the 
“starved” type of circuit. This circuit 
forms the subject matter of British Patent 
No. 719,064, which was applied for on 
May 8, 1951. 


Yours faithfully, 


O. S. PUCKLE, 
E.M.I. Engineering Development Ltd., 
Hayes, Middlesex. 


A Torquemeter for Testing Gas 
Turbine Components 


Dear SiR,—In the appendix to the 
article by Messrs. Field and Towns (Part 
2, December 1954), the authors draw a 
misleading conclusion from their analy- 
sis of the differential amplifiers. 

They deduce conditions (1), (2) and (3) 
for optimum operation where (2) and 
(3) are mutually exclusive, but in fact (2) 
is incorrect and (1) is incomplete. 

The antiphase gain of the amplifier is 

HR, 

Ra + fa 
which is the most constant of the three 
triode parameters. If on the other hand 
re > R, then the gain tends to uR,/re 
=gm R, and gm is the parameter most 
likely to vary with ageing. 

Similarly, the inphase attenuation is 

° 2h Rx 
approximately R.+r. 


= 2h (Rx/Ra) if R, > la, but if R, < la 
a=2gm Rx which is likely to be depend- 
ent on valve changes and ageing than 
2u(Rx/ Ra). 

Note however that a is the greater if 
R.<r,. 

The conditions for optimum operation 
should be stated as: 


(1) For maximum relative attenuation, 
uR«/R, should te as large as 
possible. 


(2) For constancy of gain (and relative 
attenuation) R.>r.. 


(3) For maximum gain, R.>r,, u large. 
Even more briefly the conditions may 
be summarized: 
Ru>R.u>n, w >1. 


Note that the gain is asymptotic to #, 
the maximum possible value, but the in 
phase attenuation varies as Rx, other 
things being equal, which means that any 
desired value of a may be achieved with 
a sufficiently large voltage on the nega- 
tive rail. 


and if R.s>ra, this becomes 





a: 


Yours faithfully, 
A. B. JOHNSON, 


Electronics Division, 
Saunders-Roe Ltd. 
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Dielectric Materials and Applications 
Edited by A. R. von Hi » \. > 
oa re. Chapman e a Tea ese Pes 
HIS large volume contains contribu- 
tions from over twenty American 
workers and is edited by Professor von 
Hippel of M.L.T. It is divided into five 
sections the first, written by von Hippel, 
being devoted to theory. Both the classi- 
cal and molecular approaches are dis- 
cussed as in von Hippel’s own book 
Dielectrics and Waves, reviewed in these 
columns in the June issue. The theoret- 
ical section of the present volume is 
effectively a summary of the other. 

The second section covers measure- 
ments on dielectrics and magnetic mater- 
ials over the whole of the present avail- 
able frequency spectrum. The most use- 
ful feature of this is that it collects in a 
readily accessible form the forraulae 





ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C. J. Dickinson, B.A., B.Sc. 
(Magdalen College, Oxford) 


Price 12/6 

(Postage 6d.) 
The author describes the use 
of electronic methods as 
applied to research in 
Neurophysiology. Chapters 
are devoted to amplifying, 
recording and stimulating 
techniques used in physiology 
and medicine (e.g. electro- 
cardiography, electro- 


encephalography, etc.) 


Order your copy through your bookseller 
or direct from 








Electronic Engineering 


28 ESSEX STREET, STRAND, W.C.2 








which are needed in most of the com- 
monly used measuring techniques: fur- 
ther, detailed charts and tables are pro- 
vided for the methods involving trans- 
mission lines or waveguides and these 
will be of great value to experimenters in 
this field. In other ways the treatment 
is a little disappointing: there is very 
little about experimental technique, nor 
are the relative merits of different 
methods clearly discussed. 

_ The third section dealing with applica- 
tions is perhaps the most interesting and 
covers a very wide range of topics. The 
physical properties of the commonly used 
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dielectrics, classified as gas, liquid, plas- 
tic and ceramic, are first compared and 
then the requirements which have to be 
met by insulators in power, distribution 
and electronic equipment are discussed. 
The information is well presented and 
amply supplemented by copious refer- 
ences to original papers. Also in this sec- 
tion is a discussion of “dielectric materials 
as devices” containing a theoretical and 
descriptive treatment of rectifiers, piezo- 
electric transducers, magnetic and dielec- 
tric amplifiers and memory devices. The 
level is quite advanced but the accounts 
are sufficiently complete to be useful as 
introductions to the devices considered. 

Section IV is an explanation by Ameri- 
can armed service representatives of the 
needs of the three services and helps to 
explain why their specifications some- 
times appear to be unnecessarily strin- 
gent. 

The remainder of the book is devoted 
to the M.I.T. Tables of Dielectric Mater- 
ials and gives the electrical constants of 
some 600 materials over a wide range of 
frequencies and temperatures. This in- 
formation, not hitherto available to most 
workers in this country, is a very wel- 
come addition to the electrical engineer’s 
reference library. 

Dielectric Materials and Applications 
is likely to become the standard work on 
the subject for some considerable time 
and it is to be hoped that the high price 
will not prevent its reaching the wide 
audience it deserves. 


JOHN BROWN. 


Sonics 

By Theodor F. Hueter and Richard H. Bolt. 456 
pp. 221 figs. Demy 8vo. John Wiley & Sons Inc., 
New York. Chapman & Hall Ltd., London. 1955. 
Price 80s. 

OUND waves and ultrasonics are 

finding an ever-widening range of ap- 
plication in science and industry. The 
techniques which have been developed ic 
deal with the multitude of problems which 
have arisen have hitheto been included in 
the general field of “ultrasonics,” al- 
though audible frequencies are often 
quite as valuable (sometimes decidedly 
more valuable) than ultrasonic. 

The authors of this book have pro- 
duced a work aimed at unifying the 
whole field of industrial and physical 
techniques—analysis, testing and process- 
ing—which depend on the use of vibra- 
tory energy of any frequency in the audi- 
ble or ultrasonic ranges. This field really 
constitutes a new area of technology 
which the authors have christened 
“* Sonics.” 

Major emphasis is placed on the tech- 
niques and instrumentation necessary to 
carry out actual tasks in industry, but the 
more fundamental aspects of the subject 
are not neglected. The first three chap- 
ters of the book deal briefly with the 
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necessary background of acoustics theory 
and wave propagation, leading on to 
Chapters IV and V, which cover piezo- 
electric and magnetostrictive transducers 
respectively. These chapters include 
much new material not hitherto published 
in book form, all of which is well ar- 
ranged and logically presented. The 
only criticism that can reasonably be 
made is that perhaps the account given 
of magnetostrictive transducers is not 
sufficiently comprehensive in view of their 
widespread use. For example, ferrite 
ceramic transducers are not mentioned. 
Nor are any details given of cobalt-iron 
(Permendur) transducers which now find 
many uses, particularly in high tempera- 
ture work. Even so, Chapter V contains 
a great deal of very valuable information 
of a fundamental nature and will be found 
extremely useful to designers of magneto- 
strictive devices. 

Applications work is dealt with in the 
last three chapters VI-VIII, which to- 
gether account for just half the total 
reading matter. Chapters VI and VII 
which cover processing and the other 
high power applications are particularly 
valuable and well presented. The aim of 
the authors has been to detail the physi- 
cal principles underlying applications 
work and then to describe the techniques 
which have been developed to cope with 
them, finally illustrating the text with . 
few of the more important applications— 
cleaning, drilling, soldering and particle 
agglomeration—rather than attempt a 
review of the literature on the subject. 
Chapter VII also includes useful details 
of whistle and siren-type generators for 
fluid processing. Chapter VIII covers 
analysis and testing and finally an Appen- 
dix dealing with relaxation phenomena is 
included. 

The authors, staff of M.IT., are 
obviously drawing from their own experi- 
ence for much of their material. Indeed, 
a very noticeable feature of the work is 
that it does not borrow to any appreci- 
able extent from existing texts on ultra- 
sonics. The book is a new approach to 
ultrasonic engineering and can 
thoroughly recommended to all serious 
workers in this field. In the opinion of 
this reviewer it is the best, most instruc- 
tive, book yet produced dealing with 
ultrasonic processes. It contains very 
few errors, is well printed and the mater- 
ial is well presented and arranged. 


E. A. NEPPIRAS. 


Circuits and Networks 


By Glenn Koehler. 349 pp. 70 figs. Demy 8vo. 
Macmillan & Co. 1955. Price 45s. 6d. 
'HE author states, in his preface, that 
“It is not intended that any chapter 
of this text constitute a complete treat- 
ment of its subject matter. However, 
the material presented should suffice to 
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help the student prepare for most under- 
graduate professional courses . ” This 
is certainly true, as in eleven’ chapters, 
and some 350 pages, the author attempts 
to cover almost the entire field of passive 
network analysis, circuit properties, 
coupled circuits, wave filters, equalizers, 
transmission lines (both communication 
and power), transformers (communica- 
tion and power) and saturable reactors. 
In consequence of this, the treatment is 
necessarily brief. 

The method of teaching tends to oe 
by rule and rote, as statements are made 
that this is so and that is so; however, 
the essential information is there for 
people who like to acquire their learning 
in this way. For the more discriminating 
student the bibliography tends to be in- 
adequate and the definiticns and funda- 
mental concepts could have been made 
with more care. For example, Kirchoff’s 
Law and various other theorems are given 
in terms of “ Phasor e.m.f.s ” and “Phasor 
currents” as if they apply to sinusoidally 
excited systems only. This reluctance to 
consider instantaneous values and clear 
fundamental definitions, such as of r.m.s. 
value, leads the author into a peculiar 
difficulty with the Superposition Theorem 
where he has to warn the reader against 
adding superimposed currents, of the 
same frequency, in quadrature. 

From these remarks it will be seen that 
the treatment and introduction of the 
subject is very different from the tradi- 
tional teaching methods employed in this 
country and, as this book is intended to 
prepare students for more advanced 
courses, one cannot help feeling that a 
little more explanation and emphasis of 
fundamental concepts could have been 
given with advantage. 


W. R. HINTON. 


Transistors and Crystal Diodes 


By B. R. Bettridge. 72 pp., 47 figs. Demy 8vo. 
Norman Price (Publishers) Ltd. 1954. Price 5s. 

N this book devices which still appear 

to be some way off have been dealt 
with briefly and the majority of circuits 
given are of immediate interest in that 
they are built around transistors and 
diodes that are actually on the market. 
In addition, the circuits are in nearly 
every case ones which have been made 
up and tested by the author so that there 
is a practical background to them. 


Luminescence with Particular 
Reference to Inorganic Phosphors 


Britis . 
eg sro. Supplement No- Pra vgs seatnes ae 
Physics. 1954. Price 25s. 
then papers presented in this supple- 
ment, with the discussion on them, 
comprise the proceedings of a confer- 
ence held in Cambridge from 7-10 April 
1954. The conference was organized by 
the Committee of the Electronics Group 
of The Institute of Physics, and was the 
first major discussion on the subject of 
luminescence since a conference held in 
Oxford in 1938; the emphasis was upon 
solid inorganic phosphors. 
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Simple Electronic Musical 

Instruments for ~ on 
By Alan Douglas. 72 1 figs. Demy 
Norman Price (publisher) ie. 1955. Price Ss. 
EF has been difficult for the musically- 

minded amateur to obtain construc- 
tional details for the more mechanical 
parts of simple electronic tone producers, 
and this small book describes several 
well-assorted adjuncts to musical enjoy- 
ment in the home, in full detail. There 
is a chapter on the meaning of musical 
terms, leading to amplifier, power sup- 
ply and general chassis details. Six dif- 
ferent kinds of instrument are described 
and there are sections on percussion, 
attack and frequency division. Instruc- 
tions are given for making a pedalboard 
and organ bench, and finally there are 
suggestions for future improvements. All 
the instruments are inexpensive and use 
the same power supply, and it is interest- 
ing to note that the author recommends 
the amplifier described by E. J. Miller in 
the August, 1952, issue of ELECTRONIC 
ENGINEERING as being ideal for the home. 
A useful feature is that the names and 
addresses of component suppliers are 
given. 


RCA Receiving Tube Manual 


300 pp. Demy 8vo. Radio ee of 
America. Price $0.60 or 8s. in U.K 

HIS manual has been linia to 

assist those who work on or experi- 
ment with electron tubes and circuits. It 
will be found valuable to engineers, ser- 
vice technicians, experimenters, students, 
radio amateurs, and all others technically 
interested in electron tubes. 

The manual containing technical data 
on more than 500 RCA receiving tubes 
and kinescopes, including types for black 
and white and colour television. 


Storage Batteries 


By G. W. Vinal. 446 pp. 163 figs. Demy 8vo. 
4th Edition. John Wiley & Sons Inc., New York. 
Chapman & Hall Ltd., London. 1955. Price 80s. 
bem book emphasizes the scientific 

principles of storage batteries without 
allowing the treatment to become too 
highly technical. Physical and chemical 
properties of the materials employed in 
making batteries are discussed, and the 
reader is given a general description of 
manufacturing processes. The new edi- 
tion contains many additional features 
and illustrations. 


Staging TV Programs and 
Commercials 

By Robert J. Wade. 216 pp. 40 figs. Demy 8vo. 
~—s House Publishers, New York. Chapman 
& Hall Ltd., London. 1955. Price 48s. 

“HIS well illustrated book describes 

how to plan and execute sets, props 
and production facilities and aims to help 
in solving the Physical production prob- 
lems of “live” television programming. 
It is a valuable reference source for 
all those who are preparing for a career 
in television. 
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Short News Items 


The Independent Television Authority 
has confirmed that its London transmit- 
ter will start high-power test transmis- 
sions during the first half of September 
and regular service by the London pro- 
gramme companies will begin on 22 
September. The Authority’s station is 
being built at Beaulieu Heights, South 
Norwood Hill, Croydon. It will be the 
first of the Authority’s stations to go 
on the air and will cover an area extend- 
ing roughly to Reading, Basingstoke and 
Wallingford in the west; to Hitchin and 
Saffron’ Walden in the north; to South- 
end, Burnham-on-Crouch and Chatham 
in the east; and to Horsham and Tun- 
bridge Wells in the south. The number 
of people living in the area to be covered 
by the station is estimated to exceed ten 
million. 

The Authority has now received plan- 
ning permission to build its Band 3 Mid- 
land television station on a site some 
five miles south-east of Lichfield, Staf- 
fordshire. 

The Lancashire Council have granted 
planning permission for the I.T.A. to 
construct its Band 3 television station 
for Lancashire on Winter Hill, some 
five miles to the north-west of Bolton. 


Goodmans Industries Ltd have re- 
cently purchased the Baird radio and 
television factory in Lancelot Road, 
Wembley. A development programme 
is under way to add an additional 
15 000sq.ft to the property. This is part 
of the expansion+ programme of the 
company to increase production of 
vibration generators, amplifiers, oscil- 
lators, loudspeakers, transformers, etc. 


A new Electronics Department formed 
at Metropolitan Vickers Electrical Co 
Ltd, Trafford Park, Manchester, incor- 
porates the present Radio Department, 
part of Marine and Special Contracts 
Department and the service electronics 
section of the Industrial Electronic 
Control Engineering Department. Mr. 
E. T. W. Barnes has been appointed 
superintendent of the Electronics De- 
partment. 


F.W. Electronics Ltd, contractors to 
the BBC, GPO, etc, and manufacturers 
of audio apparatus, have moved their 
works and registered office to 12a, Prince 
of Wales Road, Hendon, London, N.W.4. 


The ish Electric Co Ltd announces 
the establishment of a special depart- 
ment to deal with atomic power station 
development. The headquarters of the 
company’s atomic power work is at 
Whetstone, near Leicester, where the 
administrative, design, experimental and 
drawing office staffs are already estab- 
lished. Mr. P. H. W. Wolff has been 
appointed Chief Engineer of the Atomic 
Power Department of Whetstone. 


Mullard Ltd. have decided to extend 
the activities of their Hove factory. 
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Accordingly, over 20000sq.ft of factory 
space have been taken over in premises 
at Cromwell Road, near to the existing 
factory. This new extension is expected 
to produce over six million valves in the 
next two years and will open shortly 
with a small initial staff. 


F.M. Demonstration at the Science 
Museum. In order to explain the benefits 
of the new system to the listening 
public, the reasons for its introduction, 
and the circumstances in which it is of 
the greatest value, a special demonstra- 
tion has been arranged at the Science 
Museum, South Kensington, London, 
S.W.7, and will remain open for about 
three months. The Science Museum is 
open on weekdays from 10 a.m. to 
6 p.m. and on Sundays from 2.30 p.m. 
to 6 p.m., admission free. 


Standard Telephones and Cables Ltd 
have developed and produced a highly 
successful 100kV oil-immersed rectifier 
unit with very long life. The develop- 
ment has resulted in the replacement of 
existing thermionic diodes by “Senter- 
cet” units in a 1 million volt linear 
accelerator power supply at the Caven- 
dish Laboratory, Cambridge, and a 
follow-up order for similar units for use 
with a 2 million volt accelerator. Bir- 
mingham University has installed seven 
100kV for e.h.t. supplies to a synchro- 
tron injector. A Glasgow University 
order for ten units has been received, 
Liverpool University has ordered thir- 
teen, and increasing inquiries indicate 
the interest aroused by this development. 


The United Kingdom Atomic Energy 
Authority announces that the United 
Kingdom is to hold two exhibitions on 
the peaceful uses of atomic energy in 
Geneva from 8 to 20 August. They will 
coincide with the International Confer- 
ence of Scientists, under the auspices of 
the United Nations, to which 84 coun- 
tries have been invited. 


An International Conference on Elec- 
tronic Digital Computers and Informa- 
tion Processing will be held at the 
Institut fur Praktische Mathematik, 
Technische Hochschule, Darmstadt, Ger- 
many, from 25-27 October. This con- 
ference is sponsored by Gesellschaft fur 
Angewandte Mathematik und Mechanik 
and Nachrichtentechnische Gesellschaft 
im Verband Deutsche Elektrotechniker. 
Information may be obtained from Prof. 
Dr. A. Walther, Institut fur Praktische 
Mathematik (IPM), Technische Hoch- 
schule, Darmstadt, Germany. 


The Cambridge Instrument Company, 
as in previous years, has recognized its 
long and close association with the 
University of Cambridge by holding an 
“At Home” recently for which invita- 
tions were issued to the professors, 
teaching staff, research students and 
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senior men taking science subjects in 
the university. Some 600 accepted the 
invitation of the management and visited 
the works on two days, when all sec- 
tions of the factory and research depart- 
ments were open for inspection and a 
number of interesting demonstrations 
were in progress. The visitors included 
the Mayor of Cambridge with civic 
officials and several Masters of Colleges. 


The General Secretary of the Radio 
Society of Great Britain, Alderman John 
Clarricoats, is the new Mayor of the 
Borough of Southgate. He has operated 
his own amateur radio station—call sign 
G6CL—since 1926. 


International Aeradio Ltd have re- 
ceived an order for three standard air 
traffic control desks from the Egyptian 
Air Force. This brings the number of 
— in use the world over to more than 
100. 


Dubilier Condenser Co Ltd announce 
that Mr. F. W. Hollings has retired from 
his position as secretary and the board 
of directors has appointed him a director 
of the company. Mr. H. S. Clemow has 
been appointed secretary. 


The Royal Society recently held a 
conversazione at which there were a 
number of exhibits of scientific interest. 
Among these were the Cambridge Survey 
of Radio Stars, exhibited by Mr. M. 
Ryle, Mr. J. E. Baldwin and Mr. J. R. 
Shakeshaft, Cavendish Laboratory, Cam- 
bridge; a New Flow-Meter and the Tele- 
metering of Ventilation Rate of Human 
Subjects demonstrated by Mr. H. S. 
Wolff, National Institute for Medical 
Research; Animated Diagram Showing 
in Detail the Chain-Reaction in a 
Nuclear Reactor, exhibited by Dr. 
F. A. B. Ward, The Science Museum; 
The Electrical Contact demonstrated by 
Dr. M. R. Hopkins, Mr. C. R. Jones and 
Professor F. Llewellyn Jones, Depart- 
ment of Physics, University College of 
Swansea. 


The British Rayon Research Associa- 
tion, Wythenshawe, Manchester, was 
visited recently by H.R.H. The Duke of 
Edinburgh for the opening of their new 
laboratories. 


Pye Canada Ltd, of Ajax, Ontario, 
have supplied a hand-held underwater 
television camera, together with asso- 
ciated equipment, for the intended Arctic 
survey to be made by H.M.CS. 
“Labrador”. The camera will be used 
for oceanography, the observation of 
divers and frogmen working in water at 
very low temperatures and in other 
scientific investigations at low tempera- 
tures. 


Enfield Cables Ltd announce that the 
South of Scotland Electricity Board have 
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awarded them a contract to the value 
of approximately £130 000 for the supply 
and installation of cables between Dal- 
marnock 
Charlotte Street sub-station, Glasgow. 


Colloidal Graphite Ltd announce that, 
following the recent extension of their 
plant, their technical manager, Mr. R. W. 
Burchhardt, has been appointed a 
director. 


The Tenth Annual Exhibition of the 
Institution of Electronics, as mentioned 
in the April issue, will be held at the 
College of Technology, Sackville Street, 
Manchester, from 14-20 July. Tickets 
for the exhibition, lectures and film 
shows may be obtained, free of charge, 
from the Honorary Exhibition Organiz- 
ing Secretary, Mr. W. Birtwistle, 78, 
Shaw Road, Thornham, Rochdale, 
Lancs. Lecture and film show pro- 
grammes (price 44d.. post free) and 
catalogues (price 2s., post free) are also 
available on application. 


Winston Electronics Ltd, of Hampton 
Hill, _ Middlesex, manufacturers of 
specialized electronic equipment, inter- 
communications systems, etc., have moved 
to their new factory premises at Govett 
Avenue, Shepperton, Middlesex. The 
telephone number is Walton-on-Thames 
2732 and telegraphic address, Control, 
Shepperton. 


Mr. E. Cattanes has joined the Solar- 
tron Electronic Group Ltd, Thames 
Ditton, Surrey, as a senior commercial 
executive. He will be responsible for 
developing the European export market 
for Solartron electronic instruments and 
will open up the new Paris office later 
in the vear. 


The Ministry of Supply announces 
that Mr. F. E. McGinnety has been 
promoted to Deputy Chief Scientific 
Officer and has been appointed Director, 
Inspectorate of Electrical and Mechani- 
cal Equipment. 


An Investment Castings Plant has 
recently been established by West Pro- 
ducts (Metals) Ltd at 161 High Street, 
Hampton Hill, Middlesex. The company 
is operating under mutual agreement 
with an American concern and is intro- 
ducing several U.S. techniques in _ its 
processes. Emphasis is placed on the 
production of waveguides and other 
electronic components. 


The Senate of the University of 
London has conferred the degree of 
D.Sc. (Engineering) on Dr. A. Rosen for 
his work in the field of telecommunica- 
tion cables. Dr. Rosen, who is Con- 
sultant Engineer (Telecommunications) 
in the Engineering Organization of 
British Insulated Callender’s Cables Ltd, 
has contributed a number of papers to 
the Institution of Electrical Engineers 
and is the author of many articles which 
have appeared in the technical press on 
various aspects of telephone cable design 
and usage. 
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In the Birthday Honours List a 
Baronetcy has been conferred on Sir 
George Nelson, chairman and managing 
director of the English Electric Com- 
pany. A Knighthood has been conferred 
on Mr. Harold Bishop, director of 
Technical Services of the BBC and 
immediate past president of the Institu- 
tion of Electrical Engineers. 


Mr. C. Barwell, general publicity man- 
ager, of Mullard Ltd, has been elected 
president of the Incorporated Advertis- 
ing Managers’ Association. 


G. A. Stanley Palmer announce that | 


they are supplying transistor-grade ger- 
manium, single crystal and polycrystal- 
line, to customers’ own specified resis- 
tivities, and with life-time of excess 
minority carriers of 100usecs, 200usecs 
and more. 


Airtech Ltd, of Haddenham, Bucks, 


| ence work for many radio amateurs, 


recently negotiated a contract with the | 


Canadian Department of Defence Pro- 
duction providing for the maintenance, 
overhaul and repair of all electronic 
equipment used by the Royal Canadian 
Air Force in the United Kingdom. The 
company has been overhauling all the 
electrical equipment used on R.C.A.F. 
Sabre aircraft for some years past, and 


this has now been extended to cover | 


v.h.f., radio compass, if.f. and other 
aircraft electronic equipment. 


A.B. Metal Products Ltd, of 17 
Stratton Street, London, W.1, announce 


| title of a leaflet describing the 


that the German firm Friedrich Petrick, | 


of Bad Salzdetfurth, near Hanover, have | 


granted them exclusive manufacturing 
and distributing rights in Great Britain 
and the British Commonwealth for their 
piano key action switch. This particular 
type of switch is popular in Continental 
radio receivers and its layout makes it 
suitable for f.m. work. 


Nagard Ltd, of 18 Avenue Road, 
Belmont, Surrey, have changed their 
telephone number to Vigilant 9161/2. 


A. C. Cossor Ltd announce the forma- 
tion of Cossor Instruments Ltd. The new 
company will design and develop new 
instruments to meet the demands of 
research and industry and is equipped to 
promote and deal with the application of 
electronics to industries which heretofore 
have not used the new science. The 
Chairman is Lord Burghley, supported on 
the Board by Mr. J. S. Clark, Mr. H. 
Chisholm, Mr. H. T. Shepherd, and Mr. 
L. A. Woodhead (General Manager). The 
new company is located at Cossor House, 
Highbury Grove, London N.5. 


Philips Electrical Ltd confirm that 
they have given notice of their intention 
to resign from the Electric Lamp Manu- 
facturers Association, as from July 1955. 
This decision results from disagreement 
on certain matters of policy which could 
not be reconciled after long negotiations. 
It does not mean, however, the end of 
all connexion between Philips and the 
remaining E.L.M.A. members since some 
measure of co-operation is likely to con- 
tinue in the future. It appears unlikely 
that the price level of Philips lamps will 
be materially affected. 
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PUBLICATIONS 
RECEIVED 


THE RADIO AMATEUR’S HANDBOOK now 
in its 32nd edition has become a leading refer- 
experi- 
menters, students and engineers. The new 
handbook features five basic chapters of basic 
radio theory, three chapters concerned with 
history and amateur radio operating practices, 
three of basic experimental data, and fifteen 
chapters of advanced theory together with prac- 
tical constructional details. The American Radio 
Relay League, Inc., West Hartford 7, Connecti- 
cut, U S.A. Price $3 in the United States, $3.50 
in U.S. possessions and Canada, $4 elsewhere. 


A.M -F.M. EQUIPMENT by Julius Karl Gorler 
is a brochure describing the equipment avail- 


able from Technical Supplies Ltd, Hudson 
House, 63 Goldhawk Road, London, W.12. 
REPORT OF THE INTERNATIONAL TIN 


RESEARCH COUNCIL FOR 1954 deals with 
the work of this Institute and the eight over- 
seas branches. Among the main subjects of 
research at the Institute’s laboratories in Green- 
ford, Middlesex, during the year were the 
newly perfected bearing alloys made of_alu- 
minium-tin alloy. Tin Research Institute, Fraser 
Road, Perivale, Greenford, Middlesex. 


RECORD TODAY FOR TOMORROW is the 
“‘Editor’’ and 
“Editor Super’? tape recorders. Tape Recorders 
(Electronics) Ltd, 3 Fitzroy Street, London, 
W.1. 


SCHOLARSHIPS AND OTHER AWARDS 
AVAILABLE TO BRITISH STUDENTS FOR 
TRAINING IN ELECTRICAL AND ALLIED 
ENGINEERING is a booklet prepared by the 
British Electrical and Allied Manufacturers 
Association on careers in the electrical industry. 
It gives details of scholarships open to non- 
graduates, chiefly those leading to a first degree in 
electrical engineering; post-graduate scholarships 
and research awards open to senior students; and 
scholarships and awards permitting study abroad. 
The British Electrical and Allied Manufacturers’, 
Association, 36 and 38 Kingsway, London W.C.2. 


OPTICAL GLASSWORKING by F. Twyman, 
an abridged version of the second edition of 
the author’s “Prism and Lens Making’, has 
been written by request as a text-book to meet 
the needs of those engaged in, or studying, 
optical glassworking. Hilger Publications, 98 St. 
Pancras Way, Camden Road, London, N.W.1. 
Price 24s. 


CHEYENNE MOUNTAIN TROPOSPHERIC 
PROPAGATION EXPERIMENTS is a_ circular 
describing the National Bureau of Standards 
Central Radio Propagation Laboratory’s _facili- 
ties on Cheyenne Mountain, Colorado, and gives 
some sample results of the research carried out. 
National Bureau of Standards, U.S. Department 
of Commerce, Washington 25. D.C., USA 
Price 30 cents. 


OCCUPATIONAL PSYCHOLOGY, _ published 
quarterly in January, April, July and October, 
is the journal of the National Institute of Indus- 
trial Psychology, 14 Welbeck Street, London, 
W.1. The subscription rate is 30s. a year. 


THE 1954 ANNUAL REPORT OF THE INTER- 
NATIONAL NICKEL COMPANY OF CANADA 
LTD. shows that new records were established 
for net earnings, and deliveries of nickel to the 
free world. For the first time in the Company's 
history, more than 14000 000 tons of ore were 
mined. The Mond Nickel Co. Ltd, Publicity 


oe Thames House, Millbank, London, 
| $.W.1,. 
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British Instrument Industries Exhibition 


A description, compiled from information supplied by the manufacturers, of a small selection of 
the exhibits which will be on view at the British Instrument Industries Exhibition at Earls Court, 
London, from 28th June to 9th July, 1955. 


Baldwin 
Transverse Profile Unit 


(Illustrated below) 


HIS is a_ self-contained instrument 
using a radioactive isotope to measure 
variations in weight per unit area of a 


he 





Strip of paper or plastic. In practice the 
strip of material is torn off across the 
web so that the “transverse profile” (or 
level) can be measured, the strip being 
fed through the machine automatically. 
The output of this instrument is fed to 
a circular or strip chart recorder. 


Baldwin Instrument Co. Ltd, 
Brooklands Works, 
Dartford, 

Kent. 


Latching Relay 
(Illustrated below) 


HE type C.10 latching relay is also 

known as an “impulse” or “memory” 
relay as it is operated by a momentary 
pulse to one coil and holds the new 
position until a pulse is given to the 
second coil. 

It measures Ijin by 53in by 4in, con- 
sumes (momentarily) only about 4 watts 
on d.c. or 10OVA on a.c. and can have 
up to eight pairs of contacts rated at 
10A 24V and 5A 250V. It can also be 
fitted with mercury switches of up to 


. It has full tropical finish and the latch- 
ing mechanism is balanced to minimize 
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false movement by shock or vibration. 

Its use can simplify electronic machine 
tool and mechanical handling control 
circuits as it can remember which of two 
limit switches was last actuated by a 
rotating or reciprocating part, and set 
the circuit accordingly. 


Besson & Robinson Ltd, 
East Industrial Estate, 
Harlow, 

Essex. 


B.P.L. 
D.C. Test Set 
(Illustrated below) 


HE “Trans Ranger” is a_ portable 

multi-range d.c. test set having a 
resistance of IM2/V. This high impe- 
dance is achieved by the use of a built- 
in d.c. coupled transistor amplifier. An 
internal standard is provided for setting 
the amplifier gain and thus the calibra- 





tion of the instrument. The lowest volt- 
age range is 0 to 100mV and the highest 
0 to 500¥. Current and resistance ranges 
are also provided. 


British Physical Laboratories, 
Houseboat Works, 

Radlett, 

Hertfordshire. 


Double Beam Wide Band Oscillograph 


HE modei 1059 oscillograph has two 

similar amplifiers and a 4in_ post 
deflexion acceleration tube operating 
with a maximum accelerating potential 
of 3kV. The sensitivity of the amplifiers 
is variable between 0:2V/cm_ and 
180V/cm over a working bandwidth of 
10c/s to 10Mc/s, but an additional pre- 
amplifier of gain approximately ten 
times and covering the audio-frequency 
range is provided so that, if required, 
the sensitivity of either of the main 
amplifiers may be increased to 20mV/cm. 
A signal delay of 150musec is provided. 
The time-base is arranged for triggered 
operation only although a _ repetitive 
sweep is attainable under certain con- 
ditions. Sweep time is variable in eleven 
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steps from 50msec/cm up to 0-1ysec/cm 
and triggering pulses of either sign, 
whether externally applied or through 
the Y.1 amplifier, are selectable. The 
time-base output is available for ex- 
ternal uses in the lower sweep ranges. 
An X amplifier is provided allowing a 
continuously variable sweep expansion 
up to five times. It can also be used as 
an independent amplifier. Both voltage 
and time calibration systems are incor- 
porated in the oscillograph. 
Cossor Instruments Ltd, 
Cossor House, 
Highbury Grove, 
London, N.5. 


Counting Instruments 
Mechanical and Electromagnetic Counters 
(Illustrated below) 

A WIDE range of mechanical and 

electromagnetic counters will be on 
view. Among the latest models are a 
heavy duty five figure electromagnetic 
counter with reset (illustrated), and pro- 





electro- 


lightweight 


totypes of small 

magnetic counters. 
These counters are available with a 

wide range of mounting arrangements. 


Counting Instruments Ltd, 
5, Elstree Way, 

Boreham Wood, 
Hertfordshire. 


Elcontrol 
Photo-Electric Equipment 


HE Elcontrol standard range includes 
photo-electric amplifiers with separate 
viewing heads and a selection of light 
sources which together cover a wide 
variety of current industrial applications. 
Viewing heads and light sources have 
been improved in design and lend them- 
selves to being fitted in situations where 
space is an important consideration. 
Single and two-way registration con- 
trollers are now available for such appli- 
cations as the synchronizing of cross- 
cutting with a printed design. 
Elcontrol Ltd, 
10, Wyndham Place, 
London, W.1. 
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Evans Electroselenium 


A WIDE range of photocell actuated 
equipments are being shown by this 
firm. Included among these is :-— 


The “Eel” Exposure Controller 
(Illustrated below) 


This instrument is designed to pro- 
vide constant conditions of photographic 
exposure despite any possible illumina- 
tion variations. It is intended primarily 
for applications involving photo- copying 
and provides a means of automatic 
exposure control. 

A hermetically sealed measuring head, 
containing an emission type photocell, is 
mounted at the edge of the copy frame 
and receives the same intensity of illu- 
mination as the material being photo- 
graphed. This head is connected to the 
main controller unit by a screened flex- 





ible cable which may be of any length. 
The current passed by the photocell, 
dependent upon illumination conditions, 
controls a simple electronic circuit. This, 
after a preset exposure period, operates 
a relay which may be connected, exter- 
nally, to operate the camera shutter. 

The exposure may be varied by a 
calibrated dial which carries two scales 
representing long or short ranges. Ex- 
posures may be preselected within a 
range of 1: 120 units for any given 
application, and an iris on the front of 
the photocell unit permits further adjust- 
ment so that the total exposure range 
obtainable is from approximately 1 
second to 20 minutes. The accuracy of 
reproducibility of exposure at a given 
dial setting is +0-5 per cent. 

The equipment is fully stabilized 
against mains voltage and frequency 
variations. 


Evans Electroselenium Ltd, 
Potter Street, 

Harlow, 

Essex. 


Ferranti 
Magnetic Drums 


THE primary use of these is for the 
storing of very large quantities of 
data for electronic digital computers, but 
they also have a variety of other appli- 
cations when used with digital electronic 
equipment. 

Several different sizes of drum are 
made. Most drums have .been prepared 
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with a nickel surface, particular atten- 
tion having been paid to perfecting the 
plating process. Drums are also avail- 
able with an iron oxide coating bonded 
with Araldite. All drums are provided 
with the magnetic heads, and the asso- 
ciated electronic amplifiers can also be 
supplied. The electronic equipment for 
controlling the speed of the drum, and 
also equipment for high-speed electronic 
switching between the heads can also be 
supplied. 

The largest drum is 12in diameter and 
10in high. The normal maximum work- 
ing capacity is 256 tracks each carrying 
3200 digits, making a total storage 
capacity of approximately 800 000 binary 
digits. The maximum access time is 
30msec. The second type of drum is also 
12in diameter, but carries only 32 tracks, 
each holding 3200 digits, giving a total 
of about 100000 binary digits. 

A third drum recently introduced is of 
10in diameter and 7in long. This will 
carry up to 64 tracks with 3200 digits 
on each, giving a total capacity of about 
200000 binary digits. The maximum 
access time is 16msec. Particular atten- 
tion has been given to the development 
of the reading and writing heads for this 
drum, resulting in a considerably in- 
creased signal level with consequent 
improvement of reliability. Attention has 
also been given to simplifying all 
matters of maintenance of the drum and 
its complete assembly. 


Ferranti Ltd, 
Hollinwood, 
Lancashire. 


Labgear 
Electronic Relay 
(Illustrated below) 


HIS electronic relay is a device for 

switching apparatus demanding heavy 
operating current where it is neither 
desirable nor permissible for the control- 
ling medium to carry such current. 
Typical conditions exist where inflam- 
mable liquids may ignite or where ccn- 
tacts oxidize and become unreliable. 

A single triode valve is employed in 
a circuit of special design carrying a 
heavy duty relay in its anode circuit. The 
open circuit potential across the input 
terminals is 6V, and the current, depend- 
ing upon the operating medium, may be 
of the order of only 304A. With this 
small operating current the relay will 
control one kilowatt. It is provided with 
double-pole changeover load _ control 


contacts giving make or break facilities 
at the rear terminal block. 











The unit is capable of a variety of 
Mounting positions and is complete with 
self-contained power supply for operation 
on a.c. mains. 

Labgear (Cambridge) Ltd, 
Willow Place, 
Cambridge. 


Marconi Instruments 

N addition to a range of communica- 

tions measuring equpiment, two indus- 
trial instruments are being exhibited. 

Moisture Meter 
(Illustrated below) 

The moisture meter (TF 933A) is for 
the rapid and accurate measurement of 
the moisture content of a wide range 
of materials, particularly those of or- 
ganic origin such as grain, seeds, flour, 





tobacco, paper, etc. A compression test 
cell is used which eliminates packing 
errors and minimizes the effect of uneven 
moisture distribution. The range extends 
from near saturation to below air dry 
values, and the basic accuracy is 0°5 per 
cent m.c. 


pH Meter 


The pH meter (TF 889) is a direct 
reading instrument complete with pro- 
tected glass electrode assembly. It is 
highly suitable for routine checks in both 
works and laboratory. Battery operated, 
it covers the range 1 to 11pH with a dis- 
crimination of 0-0SpH and incorporates 
manual temperature compensation over 
the range 10° to 50°C. The instrument 
may also be used with standard labora- 
tory types of electrode. 


Marconi Instruments Ltd, 
St. Albans, 
Hertfordshire. 


Mervyn Instruments 
High Gain Amplifier 
(Illustrated top next column) 


HE latest form of the Mervyn spec- 

trometer amplifier has an_ overall 
gain exceeding 120dB and its input is 
suitable for both photo-voltaic and 
photo-conductive cells. It is thus of 
interest to all who are concerned with 
the measurement of radiations from the 
ultra-violet to the infra-red using these 
types of detectors. 
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consists of an 
800c/s* tuned amplifier, a correlation 
detector, an output stage and a circuit 
providing the reference signal for the 
detector. Suitable power supplies are 
also built into the unit. A monitoring 
meter is displayed on the front panel, 
together with the main output termina- 
tion. 

The instrument is available complete 
with chopper unit and reference signal 
generator and has been designed to in- 
corporate the maximum flexibility for a 
wide number of uses. The output is 
sufficient to drive a standard milliam- 
meter type of recorder. 

Mervyn Instruments, 

Copse Road, 

St. John’s, Woking, 

Surrey. 


The complete unit 


Mullard 
Laboratory Oscilloscope 
(Illustrated below) 


HE oscilloscope type L140 is a general 

purpose laboratory instrument, in- 
tended particularly for the measurement 
of pulse waveforms. 

Calibrated and uncalibrated controls 
for both X and Y shifts enable accurate 
measurements of time and of signal volt- 
age to be made by null methods. 

A new circuit has been developed to 
ensure time-base linearity, especially at 
the start of trace sweep; this allows 
accurate observation of the leading edges 
of pulses. An optional signal delay is 
also incorporated so that the full wave- 
front of a random pulse may be dis- 
plaved. 

The time-base can be triggered exter- 
nally, or internally by the displayed 
waveform. Direct coupling allows sweep 
initiation when the trigger amplifier input 
voltage reaches a predetermined d.c. level. 

A sweep expansion control expands the 
trace horizontally about the tube centre: 
when used in conjunction with either of 
the X shift controls it allows minute 
examination of any part of the trace. 
Trace length remains constant on all 
time-base ranges. 

To prevent the trace wandering when 
measurements are made or when shift is 
applied, direct coupling is employed from 
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the time-base and Y amplifier to the tube 
plates. 

The Y amplifier response extends from 
d.c. to 6Mc/s, except when switched for 
high sensitivity. A rapid rate of rise is 
maintained for all voltage inputs. 

A cathode-follower input probe, having 
a high input impedance, is provided. A 
d.c. backing-off voltage, provided at the 
grid of the cathode-follower, permits 
small amplitude changes of large pulses 
to be measured accurately. 

Direct access to the tube plates is 
possible; connexions are made at the back 
of the oscilloscope. 

Stabilized supplies of both h.t. and 
e.h.t. are provided. 

The oscilloscope and power unit are 
contained in two similar portable cases; 
this makes for good accessibility and 
ventilation. 


Multiple Pulse Generator 
(Illustrated below) 


The multiple pulse generator type L141 
is a versatile laboratory instrument for 
tests and measurements on pulse circuits. 

It provides several combinations of 
pulses of either polarity, having accur- 
ately controllable amplitude, duration, 





p.r.f. and separation; 
also available. 

Typical applications include the in- 
vestigation of paralysis and resolution 
times in nucleonic, computing and radar 
apparatus. 

The generator provides two main 
pulses (A and B respectively) of either 
polarity, separated by a variable delay, 
and having variable p.r.f., duration and 
amplitude. Either or both of these pulses 
may be obtained from the main output 
socket. 

A pulse of fixed duration and —_ 
tude, suitable for triggering an oscill 
scope, is available at a separate output 
socket; it precedes the a pulse by a fixed 
interval. 

A highly stable p.r.f. generator is in- 
corporated and may be synchronized by 
an external triggering pulse. 

An additional (c) pulse is available at 
another output socket. It is of either 
polarity, and of fixed amplitude and 
duration; the leading edge may be 
switched to coincide with that of either 
the a or B pulses. 

Square waves of continuously control- 
lable amplitude and frequency are also 
provided. 

The amplitude of both a and B pulses 
is continuously variable over a wide 
range and can be set very accurately. 
Pulse duration, pulse separation and 
p.r.f. can be set to fair accuracy over a 
wide range. Pulse separation and p.r-f. 


Square waves are 


330 


are continuously variable; pulse duration 
is variable in discrete steps. The output 
pulses retain flat tops and short rise 
times, even when of short duration, ex- 
cept at the highest output voltages. 


Mullard Ltd, 
Century House, 
Shaftesbury Avenue, 
London, W.C.2, 


Pye 
D.C. Microammeter 


Beggs new instrument reading directly 
in microamps is presented in the 
“Scalamp” style and makes full use of 
this familiar taut suspension reflecting 
movement plus its own built-in optical 
system and scale. Two models are avail- 
able, the first having a range of 0-1HA to 
15mA and the second a range of 0-01“A 
to ImA. Full-scale deflexions of the two 
instruments on the most sensitive ranges 
are respectively 15¢A and 1HA. The 
voltage drops at full scale on all ranges 
are 2‘5SmV and 20mV respectively. The 
six-position switch gives 5 degrees 
of sensitivity with critical damping plus 
a shorted position. The 14cm translucent 
scale is traversed by a light spot with a 
fine hair line enabling measurements to 
be taken easily and without a fear of 
parallax. A slow motion drive is fitted to 
the set-zero head giving rapid and easy 
zeroing of the instrument. Levelling is 
not critical and the instrument may be 
used on benches in laboratory and work- 
shop. An automatic shorting foot is fitted 
to prevent damage to the instrument 
during transport. The spot lamp ‘bulb is 
easily interchangeable, while an in-built 
transformer allows the instrument to be 
used on 200 to 250V a.c. mains or from 
an external 4V battery. 


W. G. Pye & Co. Ltd, 
Granta Works, 
Newmarket Road, 
Cambridge. 


Solartron 
Non-destructive Testing Equipment 


HIS is a new equipment (BA.564) 

based on an application of the 
Solartron phase- sensitive voltmeter 
VP.250 to eddy current testing of metals 
in a balanced bridge system. The equip- 
ment will give automatic indication of 
flaws in material passing through a 
detector head and may be used to warn 
operators or to control associated 
machinery, 


Check Weigher 


This device is intended for use where 
items have to be weighed quickly and 
accurately on a continuous but control- 
lable basis. The check weigher will weigh 
items of up to 10lb with a constant 
accuracy of 0-1 per cent at rates up to 
120 items per minute, no linkages or 
springs being employed. A contact out- 
put is used for warning purposes, also 
a separate time integrated output is avail- 
able for control of dispensing machinery. 

The Solartron Electronic Group Ltd, 
Solartron Works, 

Thames Ditton, 

Surrey. 
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Why Ediswan Glix P.T.F.E. 
Valveholders are widely used 
in B.B.C. Television equipment 


Large quantities of Ediswan Clix P.T.F.E. Valve- 
holders are used in B.B.C. Television equipment. 
Only the combination of the finest insulation— 
P.T.F.E., the most efficient contact material — 
Berylium copper — and Ediswan Clix design and 
manufacture can match the requirements of 
efficiency and reliability in this and all other 






stringent valveholder applications. 
Ediswan Clix P.T.F.E. Valveholders are fully 
type approved for Services Grade 1, Class 1 con- 
ditions. Full details of these valveholders and 
other components in the Ediswan range are given 
in catalogue CR. 1681. Manufacturers and 
Development Groups may have a copy on request. 


Bee 
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EDISWAN 


Chix 


RADIO, TELEVISION & ELECTRONIC COMPONENTS 


THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.1. Group of Companies 
155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
cA3 
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(7 RELAYS 


HERMETICALLY 


SEALED 
SERIES 595 H 


This is a hermetically sealed version | 
of our series 595 Relay, which is ; 
already well known to the aircraft i 
industry. . 
The armature design reduces the 
effects of shock, vibration and accel- 
eration ; a spring type armature hinge 
eliminates backlash, friction and risk 
of displacement. 






















SERIES 
595 H 








COIL: In all standard voltages 
up to 110 V. D.C. Work- 
ing range between plus 
10% and minus 20% of 
rating. 

CONTACT COMBINA- 
TIONS: up to 2 pole 
changeover. 

BASE: International octal. 

WEIGHT: 3 ozs. 

DIMENSIONS : 

Diameter—| 4” overall. 
Height — 23” overall. 








SERIES 595 





i 
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Marconi VHF 
Multi-Channel Equipment 


TYPE HM 181 


Multi-channel radio links are not only recognised 
economic alternatives to line and cable routes wherever 
the latter are costly because of intensive urban 
development or the wild nature of the terrain; they 
are frequently preferable in their own right. The type 
HM 181 equipment has been designed for compara- 
‘tively simple schemes using two terminals working 
point-to-point or with a limited number of repeaters. 
It operates in the frequency range 150-200 M’cs, 
employs frequency modulation and gives high perform- 
ance with low distortion. 





It provides the following facilities: 


@ 8, 16 or 24 channels 

® Repeaters with easy channel dropping facilities 
® Unattended operation 

@ Engineers’ order wire 


® Ease of access for maintenance 


Over 80 countries now have Marconi equipped telegraph and 
communication systems. Many of these are still giving trouble free 
service after more than twenty years in operation 






id Lifeline of communication 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 


MARCONI’S WIRELESS TELEGRAPH CO., LTD., CHELMSFORD, ESSEX 


Partners in progress with The ‘ENGLISH ELECTRIC’ Company Ltd. 
Lc7 
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The 
scientific approach 
to 
vibration 


measurement 





The D-489 MUIRHEAD-PAMETRADA WAVE ANALYSER 


WITH the Muirhead-Pametrada Wave Analyser the localization of obscure vibrations can be carried 

out systematically. Designed specifically for such measurements, this instrument covers a range of 
19*-21,000c/s with a frequency accuracy of +0.5°% over most of the range. Its high selectivity enables 
component frequencies close to one another to be measured; the flat top of the tuning characteristic 
can be varied to simplify measurements of fluctuating frequencies; and the 1/3 octave filter characteristic 
enables predominant vibration components to be rapidly located. In almost every branch of engineering 
there is a use for this novel instrument. 


FEATURES 
Operates as a tuned band-pass filter — not on the Output frequency is that of selected component 
heterodyne principle. and is available for oscilloscope viewing. 


*Additional unit extends useful range down to 2c/s. 
Frequency accuracy +4% over most of range. ; 
{) 


1 


High selectivity characteristic for greatest dis- 


crimination against adjacent frequencies. THIS BROCHURE | 

VIBRATION MEASUREMENT ff 
1/3rd octave filter characteristic for noise measure- VIBRATION MEASUREMENT wavinatn nAtss | 
ment or rapid localization of principal vibration AND 
components. WAVEFORM ANALYSIS 


| 

| 

} 
153 


Band-pass characteristic for measurements when FREE ON REQUEST 


frequency is fluctuating. 





MUIRHEAD & CO. LIMITED 


PRECIS¢ON ELECTRIGAL INSTRUMENT MAKERS 


BECKENHAM + KENT = ENGLAND 
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WAVEFORM MEASUREMENT 


DUAL TRACE OSCILLOSCOPE L.101 


The L.101 is a well engineered and reliable instrument incor- 
porating two identical Y amplifiers with sensitivities of 
20 mV/cm over a bandwidth of 4 Mc/s. Full screen (10 cm) 
undistorted deflection is available with negligible interaction 
between channels. 

The time base may be free running, synchronised or triggered 
and its velocity is variable between 0.1 «s/em and 10 ms/cm. 
Calibration accuracies are: voltage +5%, time +10%. 












AT YOUR 
FINGERTIPS eee 


An a.c. amplifier instrument 
covering the range 0.5 mV 
to 300 V r.m.s. Frequency response 
constant to within 2% between 20 o/s 
and 1 Mc/s. 


VALVE 
VOLTMETER 
E. 7555/2 


Abalancedd.c.ampli- 
fier instrument fed 
direct or viaa probe, 
giving a level frequency 
response from 30 c/s to 100 Mc/s. 
Full-scale readings from 0,5V 
peak to 15 kV peak. 






“4 VARIABLE CUT-OFF FILTERS 
GFF. 001/01 & /02 


High-pass and low-pass filters with ten cut-off frequen- 
cies in the range 400 c/s to 17 kc/s. Stop-band attenua- 
WIDE-BAND tion 50 dB; pass-band 5 dB. Input and output impedances 
600 Q. 


OSCILLOSCOPE E.7581 


A precision laboratory instrument with a 
direct coupled amplifier giving a sensiti- 
vity of 20 mV/cm at 15 Mc/s. Time calibra- 
tion accurate to 3% and voltage calibration 
accurate to 2%. Sweep speed .05 us/cm to 
6 ms/cm. 


Mullard 


SPECIALISED ELECTRONIC EQUIPMENT 


See Mullard Instruments on 
STAND 10 BLock C i 


BRITISH INSTRUMENT INDUSTRIES | 


| EXHIBITION 
] EARLS COURT : 28th JUNE TO 9th JULY 
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MULLARD LIMITED + EQUIPMENT DIVISION CENTURY HOUSE +: SHAFTESBURY AVENUE + LONDON - we2 
(M1466 B.1.B.B.) 
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Carbonyl Iron Powders are recommended 
for magnetic cores in communication and 
electronic components on account of their 
low eddy-current and hysteresis losses, 
particularly when high Q factors and 
absence of non-linear distortion are 
important design considerations. By 
selection from the various grades avail- 
able, excellent performance can be 
obtained over a range of frequencies 
from 500 c/s to §0 mc/s. 


Typical applications of Carbonyl tron Powders: 


Magnetic cores Pt - 

for Radio and a 

Television, includ- eee = Etched section of a particle 
ing 1F transformers ——— of grade ME carbonyl 
end tuning inductors. iron powder, obtained by 
replica technique with elec- 
tron microscope. X 20,000. 





Toroidal and shrouded 
cores for carrier tele- 
phony. 






_™ 
monD a 
CARBONYL TRON POWDERS a 
: capeounasirue augaae Bienes” Seat Magnetic cores for permeabil- 
- ——— ity tuning, and for aerial and 


direction finding inductors. 





Toroidal cores for telephone 
The properties and uses of these powders loading and filter coils 


are fully described in this new publication 
which will be sent free on request. 





THE MOND NICKEL COMPANY LIMITED 


THAMES HOUSE - MILLBANK - LONDON S.W.1. mono 
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@ PERMALLOY ‘C’ for highest initial permeability, 
useful for wide-band frequency transformers, current 
transformers, chokes, relays and magnetic shielding. 


@ PERMALLOY ‘BP’ has lower initial permeability than 
Permalloy ‘C’ but higher values of flux density. Suitable 
where high permeability to alternating field is required 
superimposed upon a steady polarising field. 


@ PERMALLOY ‘D’ for very high resistivity without 
undue lowering of the maximum flux density. Variation 
of permeability with frequency is small. Ideal for H.F. 
applications. 


@ PERMALLOY ‘F’” for high flux density, very rect- 
angular hysteresis loop, with a retentivity of at least 95% 
of its saturation value and low coercive force. Ideal for 
saturable reactors, magnetic amplifiers, digital computors, 
memory devices, etc. 


@ V-PERMENDUR for high permeability with a very 
high value of maximum flux density. Finds special 
application for use as high quality receiver diaphragms, 
also motor generators and servo-mechanisms in aircraft 
where weight and volume are important factors. 
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good magnetic 
characteristics 


THOROUGH 
MECHANICAL 
INSPECTION 





Standard maintains its established leadership 
in the manufacture of high permeability mag- 
netic alloys by constant vigilance in the control of 
each and every production process, one of which is 
illustrated here. Produced by a Company which has 
the unique advantage of being a large-scale user of 
its own magnetic materials, a long experience of the 
applications of these materials gives full appreciation 
of the properties essential for uniform electrical 
characteristics and stable performance. 

It will pay you to investigate the capabilities of 
Standard magnetic alloys with relation to your specific 


requirements. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, W.C.2 
TELEPHONE LINE DIVISION: North Woolwich, London, E.16 
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CO-AXIAL 
SEALED JU & 
PLUGS er 
AND 
SOCKETS 





ahaha 





TYPE APPROVED— 
COMPLYING WITH R.C.s. 322 

| PRESSURE SEALED AND 
100°, TESTED 

USED WITH UNIRADIO 32 
OR 43 CABLE 






















A.R.B — APPROVED 

















EXNING RD., NEWMARKET PHONE ; 





NEW 3181/2/3 








y 
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WHY ENGINEERS SPECIFY 


potentiometers— 





Egen Potentiometers are based on long experience of 
requirements of television and electronic equipment 
manufacturers. In design, dependability, accuracy and 
freedom from wear they are outstanding, but, above all, 
they are completely NOISELESS. 


DUAL POTENTIOMETERS 
with concentric operating 
spindles. The new Egen 
Dual Potentiometers in- 
corporate all these out- 
standing design features 
— multiple contact 
rotors, smooth easy 
movement, thorough 
screening between sec- 
tions, plus a convenient 
soldering tag for earth- 
ing screened connec- 
tions on each metal case. Switch and Potentiometer soldering tags 
are of high-grade brass heavily silver plated for easy soldering; they 
are positively located and withstand soldering heat and bending 
without loss of rigidity. Control spindles can be supplied to suit 
customers’ requirements. 





PRE-SET POTENTIOMETERS. Com- 
pletely enclosed in high-grade 
phenolic mouldings. Solder tags 
heavily silver plated for quick sol- 
dering. Fully insulated spindles 
with integral control knobs. Tap- 
ped for 2-hole 6 B.A. fixing on ?” 
centres. Type 126, wire-wound. 
Type 127, carbon. 





STANDARD CARBON POTENTIO- 
METERS. Made by an entirely 
new method ensuring a highly 
stableresistanceelement, which 
is also very durable. Silent and 
smooth in operation, these 
controls offer both mechanical 
and electrical reliability. Sol- 
dering tags are heavily silver 
plated to resist oxidisation, and 
the mains switch has an efficient 
quick make-and-break action. 





PRE-SET RESISTOR. This has a wire-wound resistance element, 
traversed by a nickel-silver slider. Adjustment is effected by a 
worm drive spindle fitted with a knurled and slotted knob. This 
component is smooth and 
noiseless in action and is 
designed to meet the many 
and varied requirements of 
the Electronic Industry. 
Egen pre-set resistors can 
be supplied in multi-bank 
assemblies to suit individual 
requirements. There are 
also twin-track models, and 
types with an electrically 
divided slider, giving adjust- 
ment on two resistors with 
one operation. 


EGEN ELECTRIC LTD. Charfleet Industrial Estate, 
Canvey Island, Essex - Phone: Canvey Island 691/2 
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to all manufacturers 
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Photo Flash Equipment 
Deaf Aids 


Private Telephone 
Installations 
Amplifiers 


D.C. Power Units 

Spot Welding Equipment 
Test Gear 

Magnetisation Equipment 


You are invited to regard the TECHNICIANS 
at DALY as a part of your own technical staff. 
Non-standard components are invariably a source 
of worry, therefore the Electrical Industry find the 
DALY ‘“ made-to-measure ”’ service for individual 
requirements specially helpful and a great time-saver. 

For URGENT problems a telephone request 
will bring us post haste to your factory for consulta- 
tion without obligation—and you will find our 
readiness to help both valuable and economic. 


DALY ELECTROLYTICS for ELECTRONICS and 
COMMUNICATIONS ... MOTOR START... 
RADIO and T.V. ... are in great demand throughout 
the world ; send for appropriate pamphlet. 


DALY 


ELECTROLYTIC CAPACITORS 


CONDENSER SPECIALISTS FOR OVER 20 YEARS 


DALY (CONDENSERS) LTD., WEST LODGE WORKS. 
THE GREEN, EALING, LONDON, W.5 


Phone : EALing 3127-8-9. Cables : DALYCON, LONDON 
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Built by Craftsmen ---+--+--+- Assembly of Scalamp Galvanometers Cat. Nos. E.E. 7901/S-4/ 


Te SCBALAMP 2%... 


GALVANOMETERS - FLUXMETERS - ELECTROSTATIC VOLTMETERS 


| 
S 


The illustration above shows the operator ‘ balancing the coil’ of a “ SCALAMP ” 
GALVANOMETER — one of the final operations in its construction. This instrument, 
available in a range of sensitivities and incorporating a built-in four-position shunt, is one 
of the most versatile instruments of its kind. Housed in a robust dust-proof plastic case, 
it can be operated from mains or battery supply. Two new features, namely a slow-motion 
drive to the zero control, and an automatic self-shorting foot have recently been incorporated. 
The truly functional design of the case with built-in lamphouse, transformer and scale 
renders it adaptable to other instrument types. A FLUXMETER of exceptional perform- 
ance and a series of ELECTROSTATIC VOLTMETERS (ranges 1-5, 3-10 and 5-18 kV) 
have already been introduced and a MEGOHM-PER-VOLT VOLTMETER is under 
development. 

Details of the ““ SCALAMP ” range will gladly be sent on request. 


» J 
SCIENTIFIC(») (AinsTRUMENTS 


W. G. PYE & CO. LTD. GRANTA WORKS - CAMBRIDGE - ENGLAND 


WG.54 
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STONE 


V.H.F. COMMUNICATIONS RECEIVERS 


MODEL 770R-19 Mc/s.to 165 Mc/s. CONTINUOUS 
MODEL 770U-—150Mc/s.to 500 Mc/s. CONTINUOUS 
FOR MONITORING, FIELD TESTS, LABORATORY PURPOSES ETC. 





Highly efficient signal frequency circuits. 
Substantial diecast rotary coil turret. 


Excellent frequency stability and 
selectivity. 


Accurate re-setting and ease of handling. 


High sensitivity and excellent signal-to- 
noise ratio. 


For AM and FM. 

Robust construction and outstanding 
reliability. 

**S”’ Meter. Noise Limiter. 

Preferred type valves. 

Finest workmanship, 





@ A.C. operation. 110-250 volts. 40-60 cycles. . 
@ Dimensions 16}” x 15” x 83’. 
@ Weight 60 Ibs. 


PLEASE WRITE FOR FULL SPECIFICATION TO THE MANUFACTURERS: 








STRATTON & CO. LTD., ALVECHURCH ROAD, BIRMINGHAM, 31 








Spurious Loudspeaker signals and 
amplifier microphony introduced 


av Main Chassis Base bends and 
components drift 















Tuner Cover in resonance, sets up 
audio radiations 


Phase-splitter Valve and Can cause 
peaking and distortion 
Vibration mode causes flapping of 
375 cfs leads and “between wiring’ components 


Power Pack Shield in resonance 
causes objectionable sound energy 





Tuat is how a prototype car radio behaved when subjected to 
laboratory-simulated operating conditions on a Goodmans 
Vibration Generator. As a result of the test, modifications 
were made which now ensure long-life peak performance of 
every production model. 

If you have a vibration problem, consult Goodmans first — they 
can bring it into the open. The range of Goodmans Vibration 
Generators covers models developing force outputs of from +2 lb 


to + 300 1b 


D 
Goodmans Vibvation, honcratord 
Full details on request to“ Vibrator Dept. E”’ 


GOODMANS INDUSTRIES LIMITED, Axiom works, WEMBLEY, MIDDX. Phone: WEMbley 1200 (8 lines) 
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PELAPONE 


AUTOMATIC DIESEL GENERATING SETS 
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FOR TELECOMMUNICATIONS SYSTEMS 


Recent developments in modern Telecommunications Systems have empha- 
sised the necessity for an unfailing and constant supply of Electric Power. 
Any failure of supply, even for a very short period, could have far-reaching 
and serious consequences to the users of the System. The selection of the 
most suitable diesel engines and control gear, therefore, becomes a matter 
of supreme importance. Pelapone engines over half a century have earned 
a reputation for unfailing reliability and are now being widely adopted for 
this purpose. Close liaison with the leading manufacturers of Telecommuni- 
cations Systems has resulted in the development of a range of Generating 
Sets and Control Gear suitable for all modern Systems. Recent contracts on 
which Pelapone equipments are being used include a Canadian Micro-Wave 
- System, an East African Radio Telephone Link, The Eire Trunk Carrier 
=i System, a Japanese Micro-Wave System; for a Malayan V.H.F. Communi- 
cations System and in conjunction with telecommunications in Nigeria and 


South Africa. 


PELAPONE ENGINES LIMITED 


Overseas Sales Division—14 Berkeley Street, London, W.|I. Cables — “Pelapone — London’”’ 


Tel: Mayfair 1674 
Tq U.K. Marine Sales Division—6 Avonmore Road, London. Grams: ‘‘Steelascos, Hammer, London’”’ 
Tel: Fulham 7732 
U.K. Head Sales Division and Works—Slack Lane, Derby. Grams: ‘Pelapone, Derby”’ 
] Tel : Derby 45436 
= 
ER 
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The Isotope 


E.H.T. 
SUPPLY UNIT 
Type 532 


is available immediately 


from stock. This standard Isotope unit, designed for nucleonics but suitable for 
many electronic requirements has EXTREME STABILITY (0.02% for 10% change in mains 
input voltage, drift less than 0.02%, per HIGH CURRENT OUTPUT (3-4 mA), EH.T. FROM 

300-3000 VOLTS (negative and positive polarity). 





Detailed specifications of all Isotope nucleonic equipment is available on request 


120 MOORGATE - LONDON -: E.C.2 
Telephone: METropolitan 9641 (5 lines) 








Midland Agent: HAWNT & CO. LTD. Northern Agent: A. M. LOCK & CO. LTD. Scottish Agent: A. R. BOLTON & CO. 


59 Moor Street Crompton Street, Chadderton 72 Haymarket Terrace 
BIRMINGHAM, 4 OLDHAM, LANCS EDINBURGH, 12 
Tel : CENTRAL 6871 Tel : MAIN 6744 Tel: EDINBURGH 62446 





PHILIPS INSTRUMENTS 
for measuring and recording 











Strain in all types of structures—metal, plastic, concrete 
etc.—can be effectively measured and recorded by 
instruments in the wide range produced by Philips. 
Covering strain gauges and associated equipment in 
various types according to application, special features 
are gauges for torsional measurement and for investiga- 
iion at elevated temperatures. 

“Electronic Equipment for Measuring, Controlling 
and Recording”’ and “Vibration Measuring and Exciting 
Apparatus” are two brochures giving much information 
on principles of the subject as well as descriptions of the 
appropriate Philips Equipment. Both are illustrated with 
numerous performance graphs, diagrams, application 
photographs etc., Price 10/- per copy (remittance with 
order, please) from:— 


Made in Holland 


(@ PHILIPS ELECTRICAL LTD 


INSTRUMENT DEPARTMENT, INDUSTRIAL PRODUCTS DIVISION 


DYNAMIC STRAIN MEASURING ON AN ECCENTRIC PRESS 
1 Temperature compensating gauge 2 Active gauge 3 D.C. amplifier 
4 Oscilloscope 5 Dynamic strain bridge 6K&H pen recorder CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, WC2 
(xPIOI17) 
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LAB Continuous 
Storage Units 


Thousands of LAB Continuous Storage 
Units are daily solving the problem of 
re ee Tae a re control and storage of the great range of resistors. 

: VOLTS FOR FREE UNIT CAPACITY Compact, and capable of storing up to 720 separate 
resistors, LABpak make selection positive, simple 











RESISTORS . ’ 
and speedy. Now that Ceramicaps, Histabs and 

T } 250 10to10M , 240 | 720 ‘ : 
R } 1 | 500 | 10to10M 180 | 500 Wirewound resistors have been added to the 





Tolerances available +20% 10% 5% carded range the usefulness of LABpak storage 


HIGH STABILITY RESISTORS ts is enhanced. 

















[_Hs3 } 750 | 1 to 500M 93 300 —«Y FREE with any purchase of the LABpak range, 
Tolerances available +5% 2% 1% these units are the complete answer to the 
WIREWOUND RESISTORS a a of small production units, 
IM |S&10)  — 5 to 100K 72 300 as ailahte Coun 
LP | sai. — 5 to 100K | ae 
MAKE UP YOUR ORDER TODAY — DELIVERY EX-STOCK 
CERAMICAPS ‘ : : 
a rE, oes : — All LABpak resistors are carded in ohmic 
ubular 3 to . ° 
HK ‘Tubular! 500 '470to 5000pf| 141 500 | value, rating and tolerance, colour indexed and 
HKD | Disc | 500 | 470 to 5000pf 141 | S00 =f tabbed for easy selection. 








Tolerances available +2% 10% 


The LAB Continuous Storage Units are available from your normal source of supply, but more detailed information and literature can be obtained from 


THE RADIO RESISTOR COMPANY LIMITED 


50 ABBEY GARDENS, LONDON, N.W.8~ « Telephone: Maida Vale 5522 
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RIVLIN . 
| Sweep : 
| Frequency 


Oscillator 





MOTOR OR MANUAL DRIVE AT WILL 


FREQUENCY RANGE 20c/s. to 3Ke/s. 





Meets Ministry specifications for valve 
I vibration testing. 


Also suitable for general vibration work. 


, 
Automatic reverse and stop or cycle over 5 ; 
complete range or any selected band. e RIVLIN INSTRUMENTS LTD. 
Constant output 0°!V into 600 ohms or os e 
specified. 
b ned ° 7a Maitland Park Villas, London, N.W.3. Gul : 2960 


Sweep rate 2 octaves per minute (Can be 
varied to suit customers requirements.) 
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““We keep an 
ever-watchful 
| eye on your 
| interests”’ 





The Superfloctopus 








Safeguarding the supremacy of 
SUPERFLE XIT 


In the Superflexit laboratories, constant research and scientific 
tests pay their valuable contribution towards maintaining the 
supreme standard of quality for which Superflexit flexible tubes 
are renowned. Here your special problems are studied and the 
answers provided in reliable, efficient 





FLEXIBLE TUBING 


For conveying all Hydro-carbon fuels and oils. Supplied complete 
with end-fittings and in bores and lengths to suit individual require- 
ments. Suitable for pressure or vacuum ; Ideal for Hydraulic feeds 
or for inter-coupling batteries of tanks where mis-alignment is 
involved. Superflexit Electrical Conduits, oil-proof and water- 
proof, are also available and are pre-eminent. 


Please address your problems or enquiries to Dept. E.E 


SUTERTLEATT LIMITED 
TRADING ESTATE - SLOUGH - BUCKS. 


Telephone: SLOUGH 2456! (5 lines) 
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), than ever before—there 
is a need for either or both of these high 
speed precision models in your plant. 
The unique built-in cross sliding turret-— 
featured in both models—takes up to 16 
low-cost standard tool bits in its eight 
separate stations, permitting the finishing 
of many complicated parts in one setting— 
and with tool room accuracy ! 

Both models are designed for close 
tolerance chucking work. Model HCT, 
in addition, provides low-cost precision 
threading. Write today for Bulletin HC— 
HCT—it tells you more. 


HARDINGE 
MACHINE TOOLS LTD. 


(One of the Sheepbridge Engineering Group) 
FELTHAM, MIDDLESEX 
Telephone : Feltham 3221-5. Telegrams :* HARDINGE Feltham 
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An example of Low-Cost Tooling and fast set-up-eight low- 
cost standard tool bits are used to single-point machine this 
precision part. Tolerances are easily held to less than 
.0005” on a production basis. Fast chucking of the odd 
shaped part is done with a standard 2” step chuck. 





The set-up illustrated above is given to show the range of the 
Hardinge Chucking Machine. Compare it to the previous 
illustration. This odd shaped casting was easily machined, 
including the threading operation, at high speeds in the 
counter-balanced fixture. 


OA/2412A 
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Consistency of Performance 











‘Lf 


30,000 VOLTS Mona 
resistor 


well, not exactly, but a very good test 

for pinholes in the vitreous enamel protection 

of wire wound resistors, and one of the many regularly 
carried out at Welwyn Electrical Laboratories. 


When the electrode of a Tesla Coil is held over a resistor, 
points of light will appear where the H.F. discharge is 
concentrated at any pinhole. A flawless surface, indicated 
by a diffuse discharge, ensures the impervious protection 
which is essential for high quality wire wound resistors, 
particularly those with fine wires. Even with ours an 
occasional pinpoint may come to light... but, you will 
find no other resistor giving better results point for 

point and, therefore, better performance. 


MANUFACTURERS OF 

WELWYN ELECTRICAL LABORATORIES LIMITED 
ELWYNN 6coteron - northumpertano 
. AB ‘a bebe: ; ce WREWER PRODLOTS HOLD 


Vitreous Enamelled Wire Wound Resistors 
Panclimatic High Stability Carbon Resistors 
Welimeg Ultra High Value Resistors 
Toroidally Wound Power Potentiometers 


Wire Wound and Carbon Composition Potentiometers 
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RELAYS 





NEW 32-PAGE 
RELAY BOOKLET 


B & R’s full range. Most Comprehensive 
technical details and illustrations. 


Send right away for your copy of the most 
comprehensive Relay catalogue yet produced. 
Besson and Robinson’s new booklet contains 
their complete range of relays, mercury 
switches and electronic time devices. 


SEND FOR YOUR FREE COPY 
POST COUPON TODAY 





TO OLIVER PELL CONTROL LIMITED 
CAMBRIDGE ROW, WOOLWICH, S.E.18 


Please send me my copy of 
Besson & Robinson’s Relay Booklet “E.E.1.” 


oe a ne 





COMPANY 


ADDRESS pn . . es 


Oliver Pell Control Limited are Sole Selling Agents for 
Besson and Robinson 
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‘CRINKLE: washers 


AIA TIAN \\\WSS 


Heat treated and plated, giving corrosion 
resistance with high degree of recovery 
in relation to load, and resistance to 
*“*set’’. Spring locking action suitable 
for electronic and instrument components. 
Size range }” to 8 B.A. 


Prices and samples sent on request. 


CONTRACTORS 10 THE ADMIRALTY + mimisTRY OF SUPPLY > o oTRER GoveRunent oEPrs 
Mes A. DAWID POWIS £ SONS — 


WARD WORK ’ 48 





ELECTRONICS 


A SERVICE 
TO INDUSTRY 


For the finest electronic 
instruments by leading makers 


For their service and main- 
tenance 


For their manufacture in small 
or large quantities 


You cannot do better than 


ceC. ROBINSON 


& PARTNERS LIMITED. 
122 SEYMOUR GROVE, MANCHESTER |6 


FACTORY : COUNCILLOR LANE, CHEADLE, CHESHIRE 








Meet us at the Institute of Electronics 
Exhibition at the Manchester College 
of Technology, July 14—20 
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LONG LIFE 
SINTERING 
FURNACES 





Molybdenum wound 
for temperatures 
up to 1750° C. 







Weighted 
oe — 7 entry door 







Weighted o 
discharge door eee e's Bl 
Burn-off point 
at discharge 






Pre-heat 
chamber with 
burn-off point 
at entry 


Water-jacketed 
cooling chamber 


Voltage regulating transformer 
with ammeter and voltmeter 
Heated section 
with Molybdenum 

\ —— ; wound element. 

\ Hydrogen inlet 
passes through 
insulation into 
the tube 





Royce Molybdenum wound tube furnaces are 
designed for sintering metals, including tungsten 
carbide, and for bright heat treatment of special 
steels. Long life of the heating element is obtained 
by a special method of winding. Operation is 
simple and maintenance easy. The furnace tube 1s 
fused alumina, wound with heavy section 
Molybdenum for temperatures up to 1750° C. It can 
also be supplied Platinum wound for 1550° C, 
Kanthal wound for 1200° C, and Nickel Chromium 
wound for 1000° C. Tube sizes range from 1” to 5” 
inside diam. 


For full details write for publication R.F.5 


ROYCE ELECTRIC FURNACES LTD 
Sir Richards Bridge, Walton-on-Thames, Surrey 
Walton-on-Thames 2577 
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| 
Actiwe ‘aides’ for Industry 


Radiation sources for Thickness Gauging 
and Static Discharge. 


1 
| Beta-ray sources manufactured by us take the form of silver foils and 
plates; the radioactive compound, of high specific activity, is bonded 
| firmly within the metal so that accidental release is impossible. The 
sources are constructed with inactive borders which facilitate handling 
and mounting; they comply with both British and American standards 
| of safety and are tested individually for leakage and for surface 
contamination. 


Sources in production for absorption thickness gauging or for the dis- 
persion of static charges contain the following radio-elements:— 


Cerium-144 Strontium-go 
Promethium-147 Ruthenium-106 


Further information will be gladly supplied on request. 


THs RADIOCHEMICAL CENTRE 


AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 





tas/ac.1 
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Extended range 


now avatlable 





With 14 to 21 days delivery 






TH of Rivlin Precision Wirewound Resistors has been 
exten to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


* Rivlin Resistances can be adjusted to 0.1% of the required value, 
or 0.01 whichever is the greater. 


*® Any value in the range 0.1Q to 50,0002 can be supplied with a 
ere co-efficient of 0.002% per degree centigrade, and up to 
1M2Q) with a temperature co-efficient of 0.02% per degree centigrade. 
Standard rating—1 watt. 









* Rivlin Wire Wound Resistances fully comply with Services speci- 
fications. 


RIV N preccscon 


WIREWOUND RESISTORS 





* American types reproduced. 


RIVLIN INSTRUMENTS LTD. 
7a Maitiand Park Villas, London, N.W.3. Gulliver 2960. 








r. SERENE Eepe ~ HUET 





SEARCHING FOR 
PRECISION 
POTENTIOMETERS 2 


HELP YOU 





SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS, SILK STREET, SA! FORD 3. A Subsidiary of THE GENERAL ELECTRIC CO. LTD. of ENGLAND. 
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Photograph by permission of Stone-Chance Limited 
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Both rel ly on Springs 

















reliable Springs by 


From the high precision springs re- 
quired for the mechanism of a po ts, ‘ll, ‘li, ‘ill lth, Tl, “lle, ean 
lighthouse to the simpler counterpart 

in a hand torch, the right spring for j ' SALTER | 4 
the job is essential to ensure perfect 

performance. When your springs are 
designed and made by Salter, they 


are just right—not the cheapest L. li Ul Will "lll, WO, Wl, ll, “lies ‘Cll ull 
obtainable but fit to work for ever. 


Service to Engineers since 1760 


A tradition of quality in craftsmanship and materials is embodied in every Salter 
spring — you can depend on Salter for the right spring for the job. 


Geo. Salter & Co. Ltd., West Bromwich 


M-W.397 


ELECTRONIC ENGINEERING 92 JULY: 1953 














sil 


— - {eee ex CUCL 











Jl 














ITS THE 


ROLLS-ROYCE 


PERFECTION 
THAT COUNTS 





Dear Sirs, 
I am a customer, having two of your Trans- 
formers, which I believe are the best in the 


world.... 
G.L.A.B., Washington, U.S.A. 


Savage “‘Massicore” Transformers are meeting 
more exacting electronic needs than ever 
before - including those of Rolls-Royce, 
makers of the best car in the world. 





SAVAGE 41)» DEVIZES 


_OF 


asinipareiansyeesier” 





NURSTEED ROAD - DEVIZES - WILTS 


Telephone: DEVIZES 932 
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Recording transient phenomena 


Up to 
a \ 


4 s 


variables 














* Full deflection in 
24 milli-seconds 











* Frequencies up aN *] \ — *% Sr 
to 90 c/s 





A range of instruments pioneered and developed by 
Kelvin Hughes which enables many high speed 
transient phenomena too rapid for any recording, 
except by cathode-ray oscillograph, to be instantly 
presented in a dry and permanent form. 

Either Teledeltos recording or an automatic non- 
clogging ink system may be used with the single 
channel instruments ; 7-channel units are supplied 
for ink operation only. 

Thoroughly robust in construction and insensitive to 
external vibration, Kelvin Hughes recorders have 
many industrial applications including the recording 
of mechanical strains and rapid temperature changes, 
the study of rapid chemical actions, measurement of 
rotational speeds, the study of automatic sequences, 
force and current measurement in welding machines, 
and use as a high-speed chronograph. 


A brochure and further 


information will be gladly 
sent on request. 


=KE> 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


KELVIN & HUGHES (INDUSTRIAL) LIMITED 


2 Caxton Street, London S.W.1. 110 Bothwell Street, Glasgow, C.2 
KHe 
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G266 SEISMIC 
VIBRATION PICK-UP 


G225B SEISMIC 
VIBRATION PICK-UP 
(Inductance Type) 


G209 SEISMIC 
VIBRATION PICK-UP 
(Inductance Type) 


G2ll PROXIMITY VIBRATION 
PICK-UP 
(Inductance Type) 


G226 ACCELEROMETER 
(Capacitance Type) 


Please write for new catalogues 


SOUTHERN INSTRUMENTS LID 


CAMBERLEY SURREY 
Telephone: Camberley 2230 (3 lines) Telegraphic Address: Minrak, Camberley, England 
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A Silver Zinc Accumulator is the 
smallest and lightest type of re- 
chargeable accumulator in world- 
wide use. It has other advantages 
too—such as constant voltage and 
high rate of discharge—full partic- 
ulars on request. 
Write for publication EE/A 











ACCUMULATORS 


VENNER ACCUMULATORS LTD., KINGSTON BY-PASS, NEW 
MALDEN, SURREY Phone: MALden 2442 
Associated Companies: Venner Limited — Venner Electronies Ltd. 
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A PROGRAMME OF 


NUCLEAR POWER 


THE UNITED KINGDOM 
ATOMIC ENERGY 
AUTHORITY (industria! Group) 


has a large part to play in 
this Programme, both in the 
production of fissile material 
and the design and con- 
struction of prototype 
nuclear power reactors. 


This will involve an increase 
in the scale of activity of the 
Research and Development 
Branch, which is responsible 
for the applied research and 
development work required 
for the design and operation 
of new chemical plant and 
of prototype nuclear 
reactors. 


There are vacancies in the Research and Development Branch 
for CHEMISTS, CHEMICAL ENGINEERS, METALLURGISTS, PHYSI- 
CISTS, AND ENGINEERS at salaries up to £1,620 per annum 
with prospects for further advancement at the laboratories 
mentioned below. The laboratories are well-equipped for 
the most modern techniques of research and development 


and for carrying out full scale tests. 


The fields of work 


covered by these laboratories are briefly :— 


WINDSCALE (Cumberland) 


Research and Development work 
concerned with the design and 
operation of nuclear reactors and 
industrial chemical processes for 
radio-active materials. The work 
involves general and _ nuclear 
physics, heat transfer and fluid 
dynamics, chemical engineering 
and the chemistry and metallurgy 
of radio-active materials and 
irradiated metal. 


DOUNREAY (Caithness) 


This laboratory will be set up in the 
near future on the site of a reactor 
of very advanced type and the staff 
will have to deal with novel problems 
in general and nuclear physics, 
engineering, chemical processing 
and metallurgy. Pending comple- 
tion of the laboratory, they will be 
expected to serve in an appropriate 
section of one of the other Research 
and Development Laboratories. 


SPRINGFIELDS (West Lancs.) 


Laboratory and pilot scale work 
on the extraction of unusual metals 
from their ores, the preparation of 
pure metals and compounds and 
their fabrication into components 
for nuclear reactors. The work 
involves physical and inorganic 


CAPENHURST (Cheshire) 


Development work in connection 
with the design of prototype nuclear 
reactors, diffusion plants and novel 
processes. The work _ involves 
applied physics, fluid dynamics, 
applied kinetic theory, mechanical 
engineering, heat transfer, liquid 
metals technology, fluorine 
chemistry and advanced instumenta- 
tion. 


CULCHETH (South Lancs.) 


Study of material of constrution 
and their properties with respect to 
nuclear reactors and associated 
chemical plant. The work involves, 
on the laboratory scale, extraction 
chemistry of rare and unusual 
metals, refractories, hysical 
metallurgy, deformation of metals, 
general physics, the melting and 
fabrication of metals, powder 
metallurgy, and corrosion. 


RISLEY (South Lancs.) 


This group acts in an advisory 
capacity to the Laboratories and to 
the Design and Operations Branches 
on physical, chemical, engineering 
and metallurgical problems. Theore- 
tical studies on advanced physical, 
mathematical and engineering pro- 
blems are carried out, and process 

l s and chemical flowsheets 





chemistry, chemical i ing, 
reduction of metals, powder 
metallurgy, casting mechanical 
work, physical metallurgy, instru- 
mentation, vacuum techniques, 
non-destructive testing and general 
physics. 


prepared. "There is a small section 
dealing with the planning and 
technical administration of the 
Research and Development Branch, 
and a Library and Information 
Service. 


All post are permanent and pensionable. Houses will be available in 


many cases within a reasonable time. 


Send, postcard for further particulars including details of minimum 


qualification requirements to :— 


SENIOR RECRUITMENT OFFICER 
U.K.A.E.A. 


INDUSTRIAL GROUP HEADQUARTERS 
RISLEY * WARRINGTON ° 


P.O. BOX 19 
LANCS 


Please quote reference 938 
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MARCONDPS WIRELESS TELEGRAPH 


COMPANY LIMITED, 
CHELMSFORD, ESSEX 


LEADERS IN THE DESIGN AND MANUFACTURE 
OF ELECTRONIC EQUIPMENT are expanding their 
development activities. Excellent opportunities there- 
fore exist for both Junior and Senior Engineers and 
Physicists to make careers in this famous organisation 


for work on wide range of interesting projects. 


In particular there are vacancies in connection with 
the development of Television Cameras, Transmitters, 
Telecine and other associated equipment for both 
black white pictures and colour. In addition there 
are also opportunities for working in the field of 


Marine Radar and Communication equipment. 


All the appointments are permanent and pensionable 
and offer excellent prospects of promotion. In addi- 
tion, training at the world famous Marconi College 


will be given to selected applicants. 


Please apply giving full details of qualifications and 
experience to Dept. C.P.S. 366/7, Strand, W.C.z2. 
quoting Ref. S.A. 55C. 
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‘Radiospares’ 
Quality Parts 


The 
Service Engineer’s 
First Choice 











We Specialise in... 


MAGSLIPS SELSYNS 
and other 


ROTATING COMPONENTS 


for 
AUTOMATIC CONTROL SYSTEMS 


Brochure available from :— 


Servo and Electronic Sales Ltd. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16, ENGLAND 
STREATHAM 6165 E.E.32 














A. V. ROE & CO. LTD., 


offer 


Applied Research and Development 
work in the following fields for 
young Graduates in Science or 
Engineering. 
Servomechanisms 
Applied Electronics 
Supersonic Aerodynamics 
Mechanical Engineering 
Hydraulic Engineering 
Attractive salaries depending on 
experience and qualifications. 


This is an opportunity to join new 
laboratories situated in rural 
surroundings. 


Apply to :— 
The Chief Engineer, 
Weapons Research Division, 
A. V. Roe & Co., Limited, 
Woodford, Cheshire. 
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CLAMP YOUR WORK HYORAULICALLY/ 






48° stASH 
ASSEMBLY 










e 
Instantaneous for 





MILLING 
DRILLING 
[a wei 
LIMITED GLUEING 
VALETTA RD.- ACTON - LONDON - W3 
TEL: SHEPHERDS BUSH 3443 (4 lines) - GRAMS NEWSORBER EALUX LONDON y and every 
Clamping Problem 











“SPEARETTE” ve ve 


ALIGNING TOOLS 


TYPES AVAILABLE FOR 
B7G - B8A - B9A - BIG 
VALVE BASES 

SPEAR ENGINEERING CO. LTD. 


TITAN WORKS, WARLINGHAM, SURREY 
Telephone: Upper Warlingham 2774 




















SOLENOID TYPE SC. 


Continuous 3 ozs. at 4” 
Instantaneous to 39 ozs. 


100% PRODUCTION 
INSPECTION 


Larger Sizes Available 
Also Transformers 
to 6 KVA 3 Phase. 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL. Phone : 74065 


A. Cc. 
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20,000 volts stabilized 
—for only £29-15-0 


The Brandenburg PA20 high voltage generator 
provides a supply variable from either I7 kV. to 
20 kV. or 14 kV. to 17 kV., with a regulation of 

1% against mains variation of 5% and load 
variation of zero to 200 pA. Fitted with EHT 
output current measuring jack for use with 
moving coil instrument to facilitate breakdown 
testing, CRT testing, experimental X-ray tube 
investigation and many other applications, with or 
without ancillary equipment 


Guaranteed 12 months 


Teleonics | communications | Ltd. 
196 Dawes Road, London, S.W.6. Fulham 1534 
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capacitance & attenuation 


38 STOCK TYPES 
for your 
STANDARD or SPECIAL 
APPLICATIONS 


: U.G. CONNECTORS-R.G. CABLES 
* TRANSRADIO LTD. 138, Cromwell Rd. London SWZ reese 



























PRECISION CONNECTORS 


Better on alf COUNTS 
ss 


a | 

















e design 
@ machining 

® performance 
@ price 

e delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€O-AX Connectors 
€O-AX Cables R.G. Cables 
Microdual drives 


TRANSRADIO LTD. 138A Cromwell Rd. London SWZ. reesae1 
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The computer will deal with this easily, 
but it won't solve your staff problems. 
Take _a classitied 
advertisement in 


Electronic Engineering 
and solve your problems 








Write for ORDER FORM and rates to:— 


Electronic Engineering 


Advertisement Department 28, Essex Street, Strand, London, W.C.2. Tel: CENtral 6565 














ELECTRICAL ENGINEERS AND PHYSICISTS. 


FERRANTI LIMITED, in EDINBURGH, is engaged in a 
programme of Electronic Development of great industrial import- 
ance. The work involves the use of digital computers to control 
machines and industrial processes, and covers a wide and 
expanding field of application, offering long-term interest. 


Development activity for these projects is taking place in the 
fields of electronic circuitry (including pulse techniques) digital 
computers, magnetic recording, magnetic amplifiers and servo- 
mechanisms. 


Electrical Engineers and Physicists having experience as well 
as interest in one or more of these subjects are invited to apply. 
= 

The appointments are permanent and offer full scope for initia- 
tive in an expanding organisation. 

Salaries paid will be commensurate with experience and quali- 
fications, and there is a Staff Pension Scheme. 


Application forms will be sent on request (quoting Ref. 23/EP/ 
AL/2.) to the Personnel Officer, Ferranti Limited, Ferry Road, 
Edinburgh 5. 








IN STOCK !! 
Whether it is straightforward sheet steel cases PAI N TO N & E LCO M 


or the most complicated fabrication in any PLUGS AND SOCKETS 
metal—the experience of half a century is at ENQUIRIES INVITED 


your service. 


RITHERDON & CO. LTD. TELE-RADIO (1943) LTD. 


Lorne Street, Darwen, Lancashire 189 Edgware Road, London, W.2. 
Telephone : Darwen 1028 Established 1895 Telephone: PAD. 4455/6. 
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INSTRUMENT ./ 
“won fh DESIGNERS X&% 
| DRAUGHTSMEN 


Seen || ate invited to apply for a number of 
penned interesting vacancies with 


1. Bit 4%” diameter, 


2 tee wedeomen, | THE ENGLISH ELECTRIC (0’s 


also replaceable. 
3. Detachable hook for 


ae ne GUIDED WEAPONS DIVISION 


4. Moulded two part handle, 


Specially designed _—for 
soldering operations in 
the compact assemblies 
used in present day 
radio, television and 
electronic industries. 
Weight 3} oz. (ex- 
cluding flexible). 
Length 9 in. 
25 watts. 
Voltage Range 


12, 24, 50, 100/ remains cool in use g 
; 007230, oe 5. Six ft. Henley Flexible. at 
an 
220/240. LUTON, BEDS., and 


STEVENAGE, HERTS., 


as follows :— 






ae SOLDERING IRONS 


DESIGNER DRAUGHTSMAN — for 
W. T. HENLEY’S TELEGRAPH WORKS CO. LTD., layout of Radar and Electronic equipment to 

51/53 Hatton Garden, London, E.C.! be used in ground or airborne installation. 
Experience of miniaturisation or potting tech- 
niques a useful asset. Ref: 2813. 








OO 


| DESIGNER DRAUGHTSMAN — for 
layout of Electronic Equipment employed in 
Laboratory Measurements and Monitoring. 
Previous experience of R.C.S. 1000 very 
desirable. Ref: 2814. 


DRAUGHTSMAN — for preparation of 
Circuit or Wiring Diagrams relating to con- 
struction or installation of Electronic or Electro- 
Mechanical Equipment. Ref: 2915. 





DRAUGHTSMAN/CHECKERS — with 





e 
High vacuum approximately five years workshop experience 
. 2 and at least five years Drawing Office service, 
measuring equipment together with specialist knowledge in Electronic, 
Instrument or Elecrical Engineering. Ref: 2802. 


DEMOUNTABLE PIRAN! GAUGE HEAD 


A new design with many improved features. 
A burnt-out element may be 
replaced in a few minutes without 
moving the Gauge from the pipeline. 
Spare elements are supplied in a 
sealed Glass container. 
Standard Resistance 145 Ohms. + 3% 
For use with our Type P.C.1 Control he 


These posts are permanent and offer attrac- 
tive comimencing salaries and good promo- 
tion prospects to the right men. Housing 
assistance can be given in many cases, 
especially to successful candidates from the 
Greater London Area. 





Send your enquiries to: Please apply to Dept. C.P.S., 336/7 Strand, 


N.G.N. ELECTRICAL LIMITED |  -<2- qwoting appropriate Ref. No. and also | 


Ref. 1119T. 
NASSAU MILL - PATRICROFT - MANCHESTER | 

TELEPHONE : ECCLES 1643 
OESIGNERS AND MANUFACTURERS OF HIGH VACUUM EQUIPMENT 
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UNIVERSAL PULP CONTAINERS LTD. MILTON OF CAMPSIE ly GLASGOW 
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For computers 


and their 


components 
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COMPUTING AMPLIFIERS 

capable of summation, integration and 
differentiation, and drift corrected with 
gain / bandwidth product‘adequate for low 
or high-speed computing. 


ELECTRONIC MULTIPLIERS 
of the four-quadrant type. 


FORCE FUNCTION GENERATORS 
for a variety of forcing functions 
of either positive or negative sign. 


OSCILLOSCOPE DISPLAY UNITS 


— 6” flat-faced cathode ray 
tubes with choice of sweep times. 


POWER SUPPLY UNITS 

— DC supplies from grid-controlled 
thyratron pre-regulators feeding series valve 
electronic stabilisers; heater supplies 

from AC electronic regulator. 


Write for further details of Saunders-Roe 
analogue computers and associated equipment. 


Information may also be obtained on 
solenoid-operated electric typewriters for 
the presentation and recording 

of results from digital computers. 


SAUNDERS-ROE LIMITED 


Electronics Division, Osborne, East Cowes, Isle of Wight 


Telephone : Cowes 2211 
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For Agh Soeed SOLDERING 











Unbeatable from every 
point of view, well able to 
withstand hard workshop treat- 
ment and ideal for continuous 
use. Features include rapid con- 
stant localised heat—solid sturdy 
construction—low current consump- 





tion— perfect balance—absolute de- 
tusk aeeaeene pendability. A type and bit for every 
SOLDERGUNS purpose from fine instrument to 
heavy industrial work. 
— =P Each tool includes 5 feet tough rubber 
TYPE 31 TYPE 71 3-core cable. 
TRIGGER FEED SOLDER GUN 
ae Type No. 51 is designed specially for 
= all assembly operations. Solder is fed 
TYPE 41 TYPE 81 automatically with trigger-action and 
two reels are supplied—one 15 ft. 
SOLDERING IRONS acid-cored and one 15 ft. resin-cored. 
pee Obtainable from all leading tool merchants 
— and factors. 
TYPE 32 TYPE 42 Fully descriptive Brochure free onrequest. 





WOLF ELECTRIC TOOLS LTD - PIONEER WORKS MANGER LANE LONDON - W5 











WAVE GUIDE COMPONENTS 


ELECTROFORMED 


AND 


| FABRICATED 


UNITS MANUFACTURED 
TO CUSTOMERS’ DESIGN BY 
SPECIALISTS 





Consult 


WILMOT cctecrronics) LTD. 


NORTH ROAD - PRESTON — 
_—————s 


ELECTRONIC ENGINEERING 














LUMPED CONSTANT 
DELAY NETWORKS 






CONSTRUCTION 
L/C type, with coils wound on 
sletted lowloss formers. Silver- 
mica capacitors of 2% tolerance. 


Standard Types for early delivery 








Ino.a Tyre! v.c.0 | Rise Tees 
10%-90% 








FINISH i | OF a 
Resin-cast, for long-term stability and TYPE DELAY zo SECTIONS 
to withstand full tropical conditions | | 
(—5@* to + 110°C.) 051510 5 usec. 1-5K | 10T | 20Q | <:15 psec. 
wes | tt) son | we | BR | Ste: 
* " | <3 ” 
INSULATION RESISTANCE se 202010 2 i 2K | 10n } 0g $3 “4 
reater than | megohms % T | | <3 » 
in 8 4020200 4 2K | 207 } 22002 | <-45 , 








WORKING VOLTAGE 750V peak 
FIXING CENTRES 
3%” X6B.A. clearance for standard types ATKI NS, ROBERTSON & WHITEFORD 





. TES LIMITED 
Prices on application =—_ 100 TORRISDALE STREET, GLASGOW, S.2 
Inquiries invited for special types Telephone : POLLOK 2933/4 Telegrams : “‘ATROWHIT, GLASGOW" 





‘EVERLOCK’ 










washers 
pen steel 
springs 

| and 


coils by 


BAKER & FINNEMORE LTD - 197-207 NEWHALL STREET - BIRMINGHAM - 3 


TELEPHONE: CENTRAL 2838 
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CHILTON STEEL LTD 


for that 


NEW BUILDING 
for Designed Structural 


Steelwork 


CK CR for Standard Portal Fram 


(CD for SERVICE & SATISFACTION 


. 






Building 


for Roof Steelwork to 
Requirement 





We solicit your Enquiry 


CHILTON STEEL LTD 


THE FOUNDRY - LONG MELFORD 


SUFFOLK 


Phone: LONG MELFORD 273. Grams CHILSTEEL-LONGS MELFORD 
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S- 
NOVAN ACCESSORIE 

eo THE ELECTRONIC : 
APPARATUS MANUFACTURES, 








s. Made in 
INAL BLOCK 
TYPE im* acer 60 amp. sizes. 





Type C.30 PUSH-BUTTON 

UNIT arranged for mounting 

on customers’ own cover 

plate. N.O./N.C. contacts. 
4 Colours. 


THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works - Stechford - Birmingham 33 


A.C. POWER RELAY 
2 to 8 Pole. N.O. or N.C. 
contacts. 











E.M.I. ENGINEERING DEVELOPMENT LTD. 


is the active and steadily expanding De Company of the 
E.M.I. group, makers of H. M. Pie ¥ Povswe and Emitron products. 
The company has a limited number of highly attractive vacancies 
at its laboratories at Hayes and Feltham (Middlesex), and at Wells 
(Somerset). 








VACANCIES 


Senior Engineers and Physicists, qualified and with experience, 

are needed for teams engaged on a variety of problems of 

electronics development. 

Engineers and Physicists, also qualified and preferably with some 

experience, but this is not essential, to back up our senior men. 

® Senior Designers and Draughtsmen, the former to design the x 
mechanical equipment associated with the company’s work, the 
latter to work either on the circuit or mechanical side. 
Technical Writers, with sound engineering background and, 
preferably, knowledge of Radar and TV techniques, who must 
be able to write clear, concise, factual descriptions of intricate 
electronic-mechanical proto-type equipment. 
Technical Assistants, with O.N.C. and some experience either in 

« industry or with the services. 
School Leavers, with G.C.E. ordinary or advanced level to join 
our trainee courses run in conjunction with E.M.I. Institutes. 
All posts are pensionable. Salaries are commensurate with ability, 
experience and the responsibility to be undertaken. Prospects in 
the company are excellent. 


Please reply in the first instance, with full details of experience, to 
Personnel Dept. (ED/EE) 
E.M.I. Engineering Development Ltd., 
Hayes, Middlesex. 
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TRANSFORMERS 
DESIGNED TO 
SUIT CUSTOMERS’ SPECIFICATIONS 













RECTIFIER UNITS 
MADE TO MEET 
INDIVIDUAL REQUIREMENTS 



































The Statigun measures potential gradient in air 
over the range 0-300kv/ft. Attachments enable 
insulation resistance up to 10!3 ohms and surface 
charge density up to 3 x 10% coulombs/cm? to 


be measured. 


scientific instruments 


BALD f) 


BALDWIN INSTRUMENT COMPANY LTD., DARTFORD, KENT 


ELECTRONIC ENGINEERING 





The instrument is much used for the 
investigation of static charges in the 
textile, plastics, paper, rubber and 
explosives industries as well as in hospital 
operating theatres. Further details are given 
in leaflet No. E123 available on request. 


TEL. 2948 
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BLICKVAC HIGH VACUUM & PRESSURE IMPREGNATORS 
POTTING RESIN PLANT and ELECTRIC OVENS 


A Blickvac Impregnator will enable you to give your 
Coils better insulation and a longer life and to meet the 
most stringent Specifications. 


Full range of Models available suitable for Varnish, 
Wax, Bitumen and Potting Resins. 


Special Features : 


@ Ease in control 

@ Ease in cleaning 

@ Elimination of Vibration 

@ Unequalled flexibility and performance 


@ Simple attachment of auxiliary autoclaves 


Users include: M.O.S., N.C.B., Marconi, Pye, Vickers- 
Armstrongs, G.E.C. and Metro-vick. 





Write today to:— =e 


BLICKVAC ENGINEERING LID,,  °** ‘te Sst Prrow, co. Durie ans 


London Office: 96/100 Aldersgate Street, London, E.C.I. 
Associated with Blick Time Recorders Ltd. seeeentedanends 


Slotted Lines for VHF and UVH 
‘mus a” MEASUREMENT 


PRECISION COAXIAL LINES 


50—60—75 OHMS IMPEDANCE 
complete with indicators. 

Type LMM 3916, 80—300 mc/s. 
Type LMD 3926, 300—3000 mc/s. 











NON-SLOTTED LINE FOR MICROWAVES 
Type LMC 3931, 1700—8000 mc/s. 
Robust and accurate: craftsman-built: laboratory- Direct reading on dial gauge. 

tested. These instruments are part of a complete Variable input and output coupling. 


range of the most modern and precise tools available _Indication on galvanometer. 
Provision for external AF amplifier. 


to the radio engineer engaged in research and de- Gan be used above 10,000 mc/s 
velopment between DC and Microwaves. depending on mode of wave. 

@ BALUN TRANSFORMERS 

@ REFLECTOMETERS AVELEY ELECTRI 

@ REACTANCE LINES AYRON ROAD. LTD. 

@ UHF WATT METERS AVELEY INDUSTRIAL ESTATE 

@ UHF MILLIVOLTMETERS SOUTH OCKENDON 

@ UHF SIGNAL GENERATORS ESSEX 

U.K. Concessionaires for Rohde & Schwarz, Munich AVELEY [SSP 

Telephone : South Ockendon 3792. Telegrams : AERSALE South Ockendon, Romford, Essex. 85/14 
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AN “AIRMAX” PATENTED | Dia. FAN 


This new addition to our 
range is available for 
operation on 6, 12 and 
a 1 24 volts D.C. 

Pear ‘- & ‘“AIRMAX”’ high | 





eT TT i 


TOPPED PPP pry ore popes pepe efficiency axial flow fans | 
ices 4 3 4 2 


are made for all voltages 
Zi! 91 Sil ¥)) \ Gh. MW 
pede ikien chaacd Huteech ii iittai ewan, up to 72” dia. 


Designed by the world pioneers of high efficiency axial flow fans 


A. K. FANS LIMITED | 


20 UPPER PARK ROAD : LONDON «<- N.W.3 


Telephone: PRIMROSE 5969/9995 
ON ADMIRALTY LIST. A.I.D. APPROVED 








HETERODYNE VOLTMETER Type 2002 


Input 5 megohms in parallel with 
12 up fd. ; with attenuater se- 


impedance veral thousand megohms_ in 
parallel with 3 yuyu fd. 


frequency Sequency range from 20 
kilocycles to 30 megacycles. 

range 

voltage voltage readings with full 
scale deflection from 15 mi- 

range crovolts to 15 volts in six 
ranges; voltage accuracy of 
0.5 db. 





Amplitude frequency and percentage amplitude modulation are indicated on three large meter scales. The instrument is equipped 
with a loudspeaker providing an audible signal check, and internal calibrating signal of | mv at 100 kc. 


For SALES & SERVICE in the United Kingdom please write to :— 





ROCKE INTERNATIONAL LTD. 
59 Union Street, London, S. E. 1. 
Tel.: HOP 4567 


& 


Adr. Nerum, Denmark . Telephone: Nerum 500 . Cable: Brukja, Copenhagen 
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Quantity ion of small automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric cooking 
and heating i and tel icati 





PP 





GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 


Tel. : 20981/9. Grams. : “Bray, Leeds” 




























Manufacturers of all types of 


INSTRUMENT CASE 
and CHASSIS 


in all METALS 








GENERAL SHEET METAL WORK 


for the Trade 
HASE | )RODUCTS 
Cn x4) LD 


27 PACKINGTON RD., SOUTH ACTON, W.3 
Acorn 1153-4 and at LEEDS 
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SOLDERING EQUIPMENT 


aDCOLE 


(Rego. Trad’e Mark) 











*” Dia. 
Reg. Design DETACHABLE 
PROTECTIVE BIT 
SHIELD @ INSTRUMENT 
List 68 J | List 64 


As illustrated 








“Adcola’’ “Long Life” Bits are available 
Catalogue A77/I 





HEAD OFFICE, SALES AND SERVICE 


ADCOLA PRODUCTS LTD 


GAUDEN RD., CLAPHAM HIGH ST., LONDON, S.W.4 
Phone: MACaulay 4272 
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BBC Engineering 
Monographs 











A new series of publications dealing with the 
work of the BBC’s Engineering Division. The 
monographs will cover laboratory investigations 
and development work in acoustics, sound 
recording electronics, radio transmission and 
propagation, and all aspects of television. About 
six monographs will be published each year. The 
following are representative of the subjects to be 
treated. The first monograph is available now. 


Suppressed Frame System of Telerecording 
Assessment of Noise in Television 
The Design of the P.G.S. Microphone 
Fine-Groove Reproducing Equipment 
Each Monograph will be published at 5/-. 


An annual subscription of £1 will cover all 
the issues in one year, post free. 
Obtainable through all newsagents and 


booksellers or direct from BBC Publications, 
35 Marylebone High Street, London, W.1. 




















the works of :— 


FERGUSON RADIO 


CORPORATION LTD. 


illustrated is a Canning Fully Automatic Plant 
for Cadmium plating radio components. 
Equipment for the deposition of various metals 
has been supplied to leading establishments 

in the radio, electrical and telec« ications 





industries 
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high quality 
waler for the 
production 

ol cathode 
ray tubes, 
electrolitics. 
ele. 


DEMINERALISED 
WATER EFFLUENT 


COLBORNE =: 
10N EXCHANGE PLANT SUI ania 
THE COLBORNE ENGINEERING CO LTD 


18 BOLLO BRIDGE RD ACTON LONDON. W3 














HIGH GAIN FREQUENCY 
SELECTIVE AMPLIFIERS 





for thermocouple or other applications. 


@ Voltage gain 5 x 10? maximum. 


@ Plug-in filter units enable carrier 
frequency in the range 5c/s to 2ke/s 
to be chosen to suit a range of 
applications. Band-width approxi- 
mately 7% of carrier frequency. 


BARR & STROUD LTD. 
ANNIESLAND, GLASGOW, W.3 


1S Victoria Street, London, S.W.|. 
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LIA BEA 
FOR PRECISION RESISTORS IN THE FIELDS OF ELECTRONICS AND 
TELECOMMUNICATIONS AND FOR SPECIALISED APPLICATIONS M A G N E T/ C 4 E L A YS 
4 
4 
4 
/ — The P.O. 3000 TYPE — 




















Pe ee 4 remains the most popular and widely used 
gy ‘. relay of all 
SUPER FIN E THOROUGHLY RELIABLE AND BUILT TO 
SPECIFICATION 


WIRES Tropical or jungle finish if required 


Prototypes at short notice and reasonable 























IN THE BEST-KNOWN ALLOYS deliveries on quantities 

A large, up-to-date plant is engaged in the production of super fine Stocks also held of A/C relays, high-speed, 

resistance wires in sizes from 0.002 in. (0.05 mm) downwards, sealed and open 

ase evaluable et our resistance alloys, and notably 80/20 nike: egempaeencaiogg — — 

(Nicrome), nckeLchromiumeluminiumiron (Karma) and sk LARGE STOCKS OF KEY SWITCHES 

Socnel acenaeectaee sateet anaes tcmintions iat gm pa ha 

of temperature as minus 65°C to plus 150°C (hence its use in guided P.O. MAJOR TYPE 

missile controls, and in aircraft navigational and fire-control devices). Any D/C resistance 17/6 each 
BRITISH DRIVER-HARRIS Co. LTD PDPAPAAAAAAIAIAAAIAATAAAA? 


— 


mre ibste JACK DAVIS (retays) LTD. ¢ 
Dept ‘E’ 36 PERCY STREET, LONDON, W.! § 


MUSEUM 7960 LANGHAM 4821 
AUDAAAAAIAAAAAAAm 
LLL AOE LSP AAS LOSE LSM RDI RIN EP IRIN ER 


Nickel and Nickel Alloy Specialists: for furnace 
elements, domestic appliances, thermo-couples, tele- 
communications, lamps, spark plugs, fine wires, etc. 


* REGISTERED TRADE MARK 

















Fractional H.P. MOTOR UNITS || pRAUiGHISMEN (rceicn Radi) 


<2 The Bristol Aeroplane Company Limited is 
expanding its design activities in its London Design 
Office still further. 






The DRAYTON R.Q. is Guided Weapons Design Teams are to be recruited. 

a miniature capacitor The following staff are urgently required :— 
induction type motor with 1. Design. Senior and Intermediate Draughtsmen 
a current consumption for work on Ground Equipment in connection 
at 230 volts, 50 cycies with Guided Weapons Development. — Ex- 
of 0.09 amps pf. 0.9 perience of the design of Ordnance Equipment 
US OMps pi. 9.0. is desirable, but mechanical engineering know- 

ledge is essential. 

dei scien ain in: sam is 2. (a) Senior and Intermediate Draughtsmen for 


design and layout of Rack Mounting Laboratory 


R@G GEARLESS Equipment, Electronic and Electrical Instru- 





‘ — * hee ments. Previous experience in the Radio 
| either direction or continuously Industry is desirable. 
. , (b) Senior and Intermediate Draughtsmen for 
I OF CAR GOR Smee: RQR GEARED design of Wiring layouts. Knowledge of 
OEE. ge. Mere For continuous or intermittent components used in the Radio Industry is 
ments, rocking baths, flashing | running or reversing at speeds from essential 
signs, illuminated models, solder- | 27 mins. per rev. to 600 revs. per i 
iis Jind min., with or without self-switching The Lond ign Office is 1 ed in H k 
ing and welding fixtures, rotating | up to 2 1/3 r.p.m. e¢ London Design ICe 1S ocated in Haymarket, 
tables, automatic light strip feed, ROH GEARED London, S.W.1, a convenient centre for travel. The 
lubricating and other small pumps, | For high final shaft speeds for salaries offered are appropriate to experience and 
small machines, animated displays, continuous or intermittent running, qualifications. A luncheon voucher scheme has been 
vibrators, developing __ baths, | forward or reverse. introduced. ; 
agitators, fans, aspirators, etc. , Send for List No. M. 302-1 Applications , giving details of experience, qualifica- 


tions, and present salary, quoting L.D.O.5 should be 


: ¢ r) addressed to the Personnel Manager, 
lhe G, RA VION RQ The Bristol Aeroplane Company Limited, 
RQi4 


The Drayton Regulator & Iastrument Co. Ltd., West Drayton, Middlesex Aircraft Division, Filton House, Bristol. 
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Complies with 


pane | pias Wherever an efficient combination 
Side these te of mechanical strength and sound 
RCS 1000 insulating properties is required, 
specification ‘Pirtoid’ provides the modern 











answer. 

Superior under severe operating 
conditions, resistant to shock 
loading, easily punched to yield 
clean, sound blanks, amenable to 
effective drilling without delamin- 
ation, ‘Pirtoid’—for Terminal 
Supports and Bases, Brush 
Holders, Bobbins and Coil Form- 
ers, Panels, Insulating Bushes and 
Handles—is the material of the 





Just between ues 
ourselves... <—> 
and electricity 


youneed POY RTOID insulated laminate 


PIRTOID IS A SYNTHETIC RESIN BONDED LAMINATED FABRIC OR PAPER BASED 
SHEET TO APPROVED A.I.D. SPECIFICATION AND CAN BE MACHINED, FORMED 
OR MOULDED TO ANY SHAPE 





Manufactured solely by H. CLARKE & CO (MANCHESTER) LTD ATLAS WORKS PATRICROFT MANCHESTER 





One plot, 2 simultaneous independent 
plots or combined plan and elevation plots 
are available in the latest Dobbie-Mcinnes 
plotting table. 


Plotting area : 30” 8” or 30” x30" 
Speeds up to: 15”/sec. 


Dynamic and positioning accuracy: better 


than 0°2% 


For details write to:— 


LIMITED 
Nautical and Engineering Instruments 
BROOMLOAN RD., GLASGOW, S.W.1 & LONDON 
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Production manufacturers 
of torsion, tension and 
compression springs of all 
types, pressings, clips, I.F: 
cans, valve screening cans, 
valve shrouds,-and sole 
manufacturers of the most 
advanced shock absorp- 
tion device—‘‘METPAKS”” 
Shock Absorbers. 


Leading manufacturers rely on:— 


BRAYHEAD 
SPRINGS LTD. 


FULL VIEW WORKS | 
_KENNEL RIDE - ASCOT - BERKS. 
Telephone: Winkfield Row 427 - Telegrams: Brayhead Ascot 














Sy Renner: 


- Cpa SIRE ore REE sonrePER Teme: — 








LUMINESCENT MATERIALS 


FOR 


ELECTRIC DISCHARGE LAMPS 
CATHODE RAY TUBES 
X-RAY SCREENS 
INSTRUMENT DIALS 
DECORATIVE DISPLAYS 


SPECIAL PHOSPHORS MADE TO 
CUSTOMERS’ SPECIFICATIONS 


xk * 
DERBY & COMPANY LTD. 


Offices : 
11-12 St. Swithin’s Lane, London, E.C.4. 
Telephone : MINCING LANE 5272. 
Telegrams : PLATIVET, London. 


Works : 
Millmarsh Lane, Brimsdown, Enfield, Middlesex. 
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THE CRESSALL MANUFACTURING CO. LTD 
TOWER STREET BIRMINGHAM 19 











Quartz Crystals of any shape and size cut and 

ground precisely to specification and coated, 

if required, with Gold, Silver, Aluminium or 
Rhodium, etc. 


Brookes Crystals Ltd. 


Suppliers to Ministry of Supply, Home Office, 8.B.C., etc. 
181/3 TRAFALGAR RO., LONDON, S.E.10 
Phone: GREenwich 1828 Grams Xtals Green London 


BROOKES 
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Do you know that many Coopers Polishing 
Bobs run at speeds in excess of 100 miles 
an hour (528,000 surface feet)? No wonder 
they have to be made as only Coopers 
know how. Send for our free brochure to- 
day, illustrating the ideal wheel for every 
class“of work. 





COOPER & CO. (BIRMINGHAM) LTD., Brynmawr, Breconshire. 





COOPERS 
FELT 


Tel.: Brynmawr 312 
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BELCLERE 


MINIATURE 


Input, Output and 
Interstage 


TRANSFORMERS 


We specialise in the f e of ling transformers te 
customers’ requirements. An illustrated brochure describing 
the range of transformers we manufacture will gladly be sent on 
request. Mustraced above is a standard input transformer 
type “E’’ size 1° x 3” x 3° overall, available with varnish dip 
finish, enamel block form, or in mu-metal screening can. 


Quick delivery— low prices—maximum efficiency. 


JOHN BELL & CROYDEN, !!7 HIGH STREET, OXFORD 
Telephone: 47072 * Cables : Belclere, Oxford 














RECTIFIERS «moon cen” 


The new metal rectifier (Selenium) 


hest quality. Does not age. All ratings from } to 
208 Amp. Small or large quantities. Quick delivery. 
A few examples : 
Full wave bridge, Input 20 V, Output 16 V. 4A 6/6, 
1A 9/-, 2A 16/6, YA 21/6, 5A 27/-. Input 40 V, 
Output 32 V. e 11/6, 1A 17/-, 2A 31/6, 3A 41/-, 
A 5l/-., etc. Post free. 


A dee rectifiers at short notice. 
Manufacturers. and trade inquiries invited. 


ELECTROCHEMICAL LABORATORIES (Rect. Div.) 


5, HIGHFIELD, WARDLE ROAD, SALE, MANCHESTER. 
Telephone: Sale 585! 

















Special service for : 
Beato’: cc Transformers 
gap and Chokes 


In an endeavour to 
assist our clients we 
offer the following 
service in connec- 
tion with transform- 
ers up to approx- 
imately 20kVA. 





Development of 


Prototypes 
This unit was especially developed for Racal S hort Ru ns of 
Engineering Sackeamee” for supply iq ig h Q u al ity 
Quick Delivery Components 


This service is of necessity more costly than pro- 
duction runs but we have found it fills an essential 
need. Can we help you? 


A.l.D. & A.R.B. Approved 
AVIS & BAGGS LTD. 


Prototype Dept. 


GOSBROOK RD. CAVERSHAM, READING 
Phone: 71763 





HIGH GRADE 
ELECTRICAL RESISTANCE 
WIRES & TAPES 


NICKEL-CHROMIUM 
NICKEL-CHROMIUM-IRON 
COPPER-NICKEL 
also 
PURE NICKEL 


in the Hard Drawn, Bright Annealed 
or Oxidised Annealed Finishes 


SPECIALISTS IN FINE 
AND SUPERFINE WIRES 


IN SIZES FROM -010’—-0005”" DIA. 


Technical Booklet on application :— 


Attoy Wire Co., Ltp. 


LAWRENCE LANE, OLD HILL, STAFFS 
Telephone : CRADLEY HEATH 6575 
Telegrams : WIRELOY-CRADLEY HEATH 

















If you need gaa 
a small METAL PRESSING 


for your product, why not consult us? 
® * e 


We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-31 BATH STREET BIRMINGHAM 4 
Phone: CENTRAL 2492 


























REQUIRED 


GROUND FLOOR 
FACTORY 


FOR LIGHT ENGINEERING 


ANYWHERE IN NORTH-WEST LONDON 
20,000 SQUARE FEET UPWARDS 
FREEHOLD PREFERRED 


CHAMBERLAIN & WILLOWS 


23, MOORGATE, LONDON, E.C.2 
METropolitan 8001/8 
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“BARRYMOUNT” Cup-type Isolators are designed primarily to 
absorb high-impact shocks with concurrent isolation of frequencies 
above 40 c.p.s. and general sound isolation. Utilisation of rubber in 
compression with substantially equal stiffness in all directions 
provides a smooth load-deflection curve. 


Load ratings indicated for Mobile Applications (including shipboard 
installations) are such as to ensure a vertical natural frequency between 
25 and 35 c.p.s. The design and assembly of the metal parts are such 
that they are self-captivating for maximum security. 





Samples are available immediately ex stock. 


BARRY MOUNT 


CEMENTATION (MUFFELITE) LTD., 39 VICTORIA STREET, LONDON, S.W.1 





There are also air-damped types 
available for the protection of 
airborne equipment. 


“*Barrymount”’ Isolators are made 
in England under licence fromBarry 
Controls Incorporated of U.S.A. 





Precision Ground Glass Balls 


@ Non-conducting. 

@ High surface polish. 

@ Available from 0.070” diam. upwards. 

@ Sphericity to 0.0003” on large and 0.0005’ 
on small size balls. 


Solid Glass Beads (Ballotini) 
Range 0.10 mm. to 10 mm. diam. 
Glass Beads for fusing wires into 
“* Headers ”’. 
Indicator Glasses for electrical equipment 
from }” to 2” diameter. 













or. Specialists in small glass mouldings Telephone : Leicester 2348]-2 
THE ENGLISH GLASS CO. LTD., EMPIRE RD., LEICESTER. 





ELECTRONIC ENGINEERING 116 JULY 1955 

















yw Sa ee 

















—— 


Se SRR nee 











All 





ELECTRONIC ENGINEERS 
are required by 


THE ENGLISH ELECTRIC CO., LTD., 


to fill vacancies in the Company’s Labora- 


tories at 
LUTON and STEVENAGE 


SENIOR MICROWAVE ENGINEER— 
Applicant should have a good theoretical 
background to degree standard and 
experience of design or engineering of 
microwave equipment. The work includes 
investigation of new methods of construc- 
tion with a view to miniaturisation and 
weight reduction. 


SENIOR ENGINEER—to lead a group 
of engineers in the development of 
specialised electronic test gear. 


SENIOR ENGINEER—for work on 
general circuit development, with sound 
fundamental knowledge of electronics and 
the ability to apply it. 


SENIOR INSTRUMENTATION 

ENGINEERS—with a degree or H.N.C. 
and experience of the design of equipment 
for use in the instrumentation field. 


SENIOR RADAR & ELECTRONIC 
ENGINEERS—for development 
field and flight experiments of radar 
equipment. Degree or H.N.C. standard 
preferred but applicants without these 
qualifications but with a wide experience 
of this work considered. 


SENIOR ENGINEER—for missile tele- 
metry installation planning. Applicants 


- must be familiar with existing telemetry 


systems and measuring techniques, suit- 
able to a man with trials experience. 


JUNIOR ENGINEERS & LABORA- 
TORY ASSISTANTS—are required to 
assist in the above work. Vacancies also 
exist for Junior Staff with experience of, 
or an interest in Micro-waves. 


Housing assistance maybe givenin some cases. 


the above posts are permanent and pro- 


gressive and pensionable after qualifying 
period, attractive salaries are offered to the 
successful applicants. 


Applications to :— 
Dept. C.P.S., 336/7, Strand, W.C.2. 


quoting Ref: 1260E. 


and . 








HUNTON will cut your press 


tool costs for PROTOTYPE and 


PRE-PRODUCTION RUNS! 









THE UNIVERSAL BOLSTER OUTFIT 
USING STANDARDISED PUNCHES AND 
DIES FOR SHEET METAL PIERCING 
AND BLANKING ON FLY PRESSES 





STUDY 
THESE ADVANTAGES : 


@ Specialised range of Chassis Piercing 
and Forming Tools for the Radio and Electronics Industries. 
@ To get you started—standardised Punches and Dies }” to 33” die. 
in 1/32” sizes from stock. 
@ At short notice, Standardised Tools for square, oblong and other 
shapes. 
@ Adjustable Gauges for exact location of work. Automatic and 
Positive Stripping of material from Punch 
if in London and Home Counties, ask for a practical demonstration In 
your own works. Alternatively, write for illustrated price List. 


HUNTON LIMITED 


PHOENIX WORKS, 114116, EUSTON RD., LONDON, 
N.W.I. = Tel. : EUSton 1477 (3 lines) Grams : Untonexh, London 














STAND-OFF INSULATORS 


Working voltage 1,500/5,000. 

Very high insulating resistance. 

Ceramic non-tracking. 

Silicone treated to repel moisture (ideal 
for tropics). 

Tag or spill end. 

We have a full range to cover most 
needs. 


It’s Reliable— 
It’s made by 


Jacksons ! 


Please write for further details 
JACKSON BROS. (London) Ltd. 
Kingsway Waddon Surrey 


Telephone: Croydon 2754-5 
Telegrams: Walfilco, Souphone, London. 








JULY 


1955 


117 


L 7267 


ELECTRONIC ENGINEERING 








Miniature bearings 


TO ALL SIZES AND ‘ 
SPECIFICATIONS 














GA 
cellent hit o 


Specialists in Sub-Miniature Telec ication Comp 








AIR DIELECTRIC TRIMMER 


(Protected by Acetate Case) 


Capacities from 4 to 7OpF in voltages of 500 
and 1000 D.C. Width 16°5 mm. Length 22 mm. 
Acetate dust cover optional. Insulation over 
10,000 megohms. Power factor less than ‘001. 





DEVELOPMENTS CO. LTD. 


ULVERSTON NORTH LANCS = 7o/: Ulverston3306 





ELECTRONIC ENGINEERING 














HILTON RELAYS HILTON RELAYS HILTON RELAYS 


HILTON Keys 


R 


Neting a tre eh iy | 





FOR INFORMATIVE SWITCHING 
AND POWER HANDLING... 


HILTON ELECTRIC CO. LTD. 


52 POOL STREET, WOLVERHAMPTON. PHONE: 22783 

















PERSE DS 


SeReagage 


TERMINAL BOARDS 


*x STANDARD. Full range of panels single or double. 


* SPECIAL. Panels in any quantity to your specification. 


All terminal boards conform to R.C.S. 1000 


SEND FOR FULL DETAILS TO: 


HARWIN ENGINEERS’ LTD. 


101-105 Nibthwaite Road, Harrow, Middlesex. 
Telephone : HARrow 0381. 
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Stop hunting 


FOR ROUND, SQUARE 
RECTANGULAR 
s. R. B. P.. 


“LAMTUF” 


TUBE LAMINATION & ENGINEERING LTD 


HIGH WYCOMBE, BUCKS 


TELEPHONE HIGH WYCOMBE 192! 2 





secures cables 


Quicker, Simpler, Safer. 
The Plasklip has the advan- 
tage of being non-metallic 

and impervious to tropical 

conditions, it is the answer to 
all cable securing problems 

in electrical equipment. Made 
of strong non-magnetic high 
f dielectric material it will out- 
Samples and literature available last the cables or components 





equest. ; 
hice te it secures. Approved all 
services. 
Sharston Works, Leestone Road, Wythenshawe, Manchester. 


INSULOID MANUFACTURING COMPANY LTD. 


Tel: Wythenshawe 2842 











ELECTRONIC ENGINEERS 


The British Tabulating Machine Co., Ltd., Letch- 

worth, Herts, manufacturers of “‘ HOLLERITH ” 

high speed punched card accounting and statistical 

machinery, offer excellent prospects to men wishing 

to find employment on the application of Electronics 
to 


CALCULATING and COMPUTING MACHINES. 


This is an expanding and progressive organisation, 
employing over 5,000 personnel under congenial 
working conditions. 


Qualifications required include a University Degree 
in Electrical Engineering, Physics or Mathematics, 
Higher National Certificate or equivalent. 


Salaries will be commensurate with experience 
and qualifications. Housing assistance may be given. 
Pension Fund. 


Write, giving personal history, to Personnel 
Superintendent, quoting reference EE/19. 
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DESIGN AND DEVELOPMENT 
ENGINEERS 


are invited to apply to the British Tabulating Machine 
Co., Ltd., Letchworth, Herts, for interesting positions 
on electro-mechanical design and development in the 
Technical Division of the Company, who are manu- 
facturers of ‘‘ HOLLERITH”’ high speed electro- 
mechanical and electronic punched card accounting 
and statistical machinery. 


Qualifications required include a University Degree, 
Higher National Certificate or equivalent. Previous 
shop and design experience preferred. 


These are permanent positions in an expanding 
organisation which today employs over 5,000 people. 
Salary will be commensurate with experience and 
qualifications. Pension Fund and Sick Pay facilities. 
Travel expenses for interview will be paid. 


Write in first instance to Personnel Super- 
intendent, quoting reference EE/628. 











-———— ELECTRONIGS——_ 
APPLIED TO INDUSTRY 


The many new applications of electronics makes it vitally 
necessary for all in Industry to have a sound working 
knowledge of this subject. We offer a new Self study 
course intended to teach the main principles of electronics 
and its chief industrial applications. Experimental work 
can, if desired, be carried out using equipment supplied 
with the course. 


Send for Free Brochure to: 


E.M.1. INSTITUTES, Dept. £.11, London, W.4 
An educational organisation serving the E.M.1. Group of Companies 
which include ‘‘ HIS MASTER’S VOICE ’’, MARCONIPHONE, ETC. 











1c.58 








3 New Instrument Cases 
added to our range... 
Wooden Case, }” stained and polished hardwood, 
alloy panel angled for easy working. Ideal for mounting 
meters. I8G panel, 9” x8”. Case, 2” deep at front, 
4” at rear. Price 17/6 
Type ‘ 9-14” steel instrument case, 9” x 14”x9, 
with light alloy panel 18G throughout. Price 26/- 
Type ‘‘ 14” instrument case, 103” x 14” x 103”, with 
light alloy panel 18G throughout. Price 30/- 


All cases finished in Black Crumple/or in Grey Crumple 
1/6 extra. 


KENDALL & MOUSLEY LTD. 
18 Melville Road, Edgbaston, Birmingham, 16. 
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—— 
CAST , TRANSFORMERS 


See “eee . 
In addition to our range of VLF, Power 
and Audio Frequency Transformers we 
now introduce Haddon Cast Trans- 
formers in Epoxy Resins. 

The Transformer illustrated is com- 
pletely encapsulated with its associated 
condensers as one unit. It is for use on 
lighting equipment operating from a 
DC Supply through a vibrator. 
Haddon Cast Resin components provide 
complete mechanical protection to core 
and windings, are moisture proof, and 
fully tropicalised, with adequate heat 
dissipation. 

We are indebted to the chemical 
industry for introducing these revolu- 
tionary Resins, enabling us to produce 
this range. 


MAKE YOUR TRANSFORMER 
PROBLEMS OUR CONCERN 


TRANSFORMERS LTD 


MASONS AVENUE, 
bas A D D N WEALDSTONE, MIDDX. 
Tel. No.: Harrow 9022-5 


Telegrams: Hadtrans, Harrow. 























A Laboratory substitute for the Accumulator 
to provide an adjustable source of pure D.C. 


THE LABGEAR ELIMINAC 





B.2027 
INPUT ... 200/250V. 40/60 c/s. 
OUTPUT ..... 0-12V. 5A. Max. 
VARIAC CONTROLLED. 

LOAD RIPPLE 
| amp. 0.02%, 
0.05%, 
. s 0.09%, 
a 0.14%, 
Sw 0.20%, 


Additional A.C. output 0-20 volts at 10 Amps 
Variac controlled. Built-in M/C meter. Size : 
144 in. x 12 in. x II in. Weight : 50 Ib. 





PLEASE WRITE FOR LEAFLET EE 2027 


Labgear (Cambridge) Ltd. 


WILLOW PLACE, CAMBRIDGE, ENGLAND "PHONE 2494 
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MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


Technical Assistants or Testers required 
We have vacancies for men of City & Guilds Final 
Certificate telecommunications standard, or com- 
pensating experience in U.H.F. and V.H.F. 


The firm produces light current measuring, test 

and communication instruments for a wide range of 

requirements, also X-ray diagnostic and therapeutic 

and electro-medical apparatus. Suitable applicants 

can be considered for training in X-ray technique. 

Other posts entail some travelling and liaison with 
customers. 


Works are pleasantly situated near City centre 
and all amenities and within easy reach of London. 


MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


ELECTRONIC ENGINEERS required. Excellent 

opportunity for men of Degree standard and with 

suitable experience to broaden experience and avoid 

restrictive specialization by joining the staff of 

Marconi Instruments who produce light current 

communication, measuring and test apparatus for a 
wide range of requirements. 


Holiday arrangements made can be maintained. 
The posts are well remunerated and pensionable. 


Laboratories are pleasantly situated near City 
centre and all amenities and within easy reach London. 




















MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


TECHNICAL WRITER required for Technical 
Literature (telecommunications) section. The 
applicant should have electrical engineering qualifica- 
tions and/or experience in the design, or development 
of electronic equipment. 
The firm produces light current communication, 
measuring and test apparatus for a wide field of 
requirements. Excellent opportunity for experienced 
man to broaden experience. 


Offices are pleasantly situated near City centre 
and all amenities and within easy reach of London. 


Holiday arrangements can be maintained. 














MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


DRAUGHTSMEN required. Senior and 
Juniors. Men of at least O.N.C. standard 
and experience in radio. Excellent oppor- 
tunity to broaden experience with well- 
known, well-established progressive firm 
producing light current measuring com- 
munication and test equipment for a wide 
field of application. 


Holiday arrangements can be maintained. 
On well-served transport routes. 


Saturday interview if required. 
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bare & insulates 
RESISTANCE Wi ck 


Lubeka (bega) & Vactom (egd) ( atti 


CUPRO-NICKEL NICKEL-CHROME 






‘Eureka (Regd.) and ‘Vacrom’ (Regd.) Resistance Wires can be supplied BARE 
or with[STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 
These wires have been used for many years for winding resistances for instru- 
ments, control apparatus, etc. 

‘Eureka’ with its low temperature coefficient is always in demand for precision 
work, while, Nickel-Chromes are used where a high resistance is required in a 
limited space. 


INSULATED BARE 
WIRES WIRES 








THE LONDON ELECTRIC WIRE 


Ss 









VACTITE WIRE COMPANY LIMITED 


COMPANY AND SMITHS LIMITED 15 ST. SIMON STREET. 
LEYTON, LONDON, E.10 SALFORD 3, LANCS 


























see GarpNners Radio catalogue 











For: all Stock Transformers and Chokes 

















@ GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, Hants. 





Tel.: 1024 
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N “MUREK ‘SANCOMAK PERMANENT 


MAGNET. S ave used in 
]} WEIR ELECTRIC, INSTRUMENT. S 









A further example of the use of Murex 
* Sincomax’ Magnets where a high energy 
product with high magnetic stability is 
essential. 

Murex ‘Sincomax’ Magnets with an 
alloyed bond between magnet and soft iron, 
continue to give accurate and reliable service 
in this and many other applications. 





M U RE xX LI M ITED (Powder Metallurgy Division) 


RAINHAM «+ ESSEX ©* Rainham, Essex 3322 
Telex : London 8632. 


Telegraphic Address : Murex, Rainham, Romford Telex. ; Q 
LONDON SALES OFFICE: CENTRAL HOUSE, Photograph of a 33” Moving Coil D.C. Microammeter 
UPPER WOBURN PLACE, W.C.1I EUSton 8265 by courtesy of The Weir Electrical Instrument Co. Ltd. 





olier good prospects to 
ELECTRONIC ENGINEERS 


for their world wide Communications business. Many interesting 
projects are in progress, or are imminent. Write confidentially 
to Mr. F. Youle, B.Sc., A.C.G.I., A.M.I.E.E., Director. 


REDIFON LIMITED, BROOMHILL ROAD, LONDON, S.W.18 
A Manufacturing Company in the Rediffusion Group. 
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A NEW SMALL AUTOMATIC 
A-C VOLTAGE STABILISER 


The ASR-I150 Weighs II Ibs. 
Measures 85 x4}x5 = Price only £24 


This new Stabiliser will handle loads up to over | 
kilowatt—having an output of 5 amperes at (usually) 
230 volts. As a general rule it weighs only about | /0th 
of the so-common “choke-condenser” types offered by 
some competitors 

ASR-1150 is totally unaffected by changes in the 
mains frequency. It is also quite insensitive to load 
changes, working equally well from 0, to 100. full 
load (1.15 kVA). It has no large, high a-c working rating 
capacitors—which fail regularly in “resonated” types of 
Stabiliser, and which are very expensive to replace 

May we send you a copy of our new 20-page Supple- 
mentary Catalogue published July 1953. Just ask for 
Catalogue V-549-S 

ASR-1150 is merely one of an entirely new range 
of A-C Stabilisers, ranging from 200 VA to as high as 
50 kVA—all dealt with in Catalogue V-549-S 


CLAUDE LYONS LTD 


Electrical and Radio Laboratory Apparatus etc. 


HEAD OFFICE AND WORKS: 76 OLDHALL STREET, LIVERPOOL 3, LANCS. 
SOUTHERN FACTORY : VALLEY WORKS, WARE ROAD, HODDESDON, HERTS. 


(A.10 main London/Cambridge Road, at Junction of A.602) 

















INSULATION 


Our products include— 
ressboard ; 


id ; ; Vulcanized Fibre ; 
Cable and Red Rope Paper ; Bakelite and Ebonite ; Varnished 
Paper and Tapes ; Varnished Silks and Tapes; Varnished 
Glass and Tapes ; Varnished Cambric, Silk, Glass and P.V.C. 
; Cotton Tapes, Webbings and Sleeving Chattertoe 
Compound ; Adhesive and Rubber Tapes. 


PRESSPAHN, LTD. 


Bradferd, Yorks, England 


a eGtSTEReg, 















~~ flLecraicaY 
Telephone : EListeAl) 
Bradford 25135 (Pvt. Br. Ex.) insULATIo,, 
‘ > 
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PHIL-TROL SOLENOIDS 


Range covers types 41 and 

42 (front I” x 1}*) 

38, 39, and 40 (front 

14” x 12”) and power 

A.C. and D.C, sizes up to 
60 inch-Ibs. 

Most sizes available ex-stock 


and dispatched same day as 
receipt of order. 


6 v.-460 v. A.C. and D.C. types 
WRITE OR PHONE FOR DETAILS 


PHILLIPS CONTROL (G.B.) LTD. 


Farnborough, HANTS. Telephone : Farnborough |120 
London Office : 59/61 Union St., London, S.E.1. Tel.: HOP 4567 











TECHNICAL BOOKS 





H. K. LEWIS & Co. Ltd. invite inspection of 
their stock of books on all branches of Radio 
and Electrical Engineering. Catalogue on request. 
LENDING LIBRARY: Technical and Scientific. 
Annual Subscription from TWENTY-FIVE SHILLINGS 
“Prospectus Post Free on Request. 
THE LIBRARY CATALOGUE revised to December, 
1949, containing a classified Index of Authors and Sub- 
ects. To subscribers, 17s. 6d. net. To non-subscribers, 
5s. net. Postage Is. 6d. Supplement 1950-52. To sub- 
scribers, 3s. net. To non-subscribers, 6s. net, postage 6d. 


LONDON: H.K.LEWIS & Co. Ltd., 136 Gower St., W.C.I 


Telephone: EUSton 4282 (7 lines) 

















INSULATING SLEEVINGS ... 


eteeshaesiied An aircraft’s performance ... 

POLYTHENE your car’s reliability... to- 

SLEEVINGS night’s Television and Radio’s 

INSULATED sound may depend upon effi- 
cient electrical insulation. 

WIRES AND 

FLEXIBLES A.1.D. Approved 


PLASTICABLE LIMITED 



























Hawley Lane Farnborough - Hants. 
Phone: Farnborough Hants 85. 
P.O. TYPES 
TO YOUR 
SPECIFICATION 


Standard or Special COILS 
and CONTACTS up to 80,000Q 
and up to 8 c/o’s. 600 and 
HIGH -SPEED TYPES also 
supplied. 


PROMPT 
DELIVERY 


LARGE 
STOCKS 
OF 
KEYSWITCHES 


THE KEYSWITCH CO. 


ALL POST OFFICE EQUIPMENT 
Enquiries to Sales Director 


1246 KENSAL ROAD, LONDON, W.10 
Telephone : LAD. 0666. 4640 
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GRUBB PARSONS 
mee) A. C. STABILISER 
NEW & IMPROVED MODEL 


% Even greater constancy of output voltage than with 
earlier model. 


% Increased output—up to | amp. 





% Safety device incorporated to avoid any dangerous rise 
in output voltage in event of failure of any part of the unit. 





PERFORMANCE DATA 


STABILITY. +0.05% for input voltage changes of at least © je Optional provision of voltmeter and ammeter to measure 


+10% at all loads and for normal frequency variations. d | d 
—— Within +0.1% for changes from no load to input an output vo tages an output current. 
full load. 


WAVEFORM. Total introduced harmonic content within ye Stabiliser can be adapted at small cost to stabilise the 


3% (mainly 3rd and Sth) under average conditions. 

REACTIVE LOADS. Above performance maintained for loads radiation emission from light sources such as filament 
of P.F. from 0.8 to unity, lagging or leading. 

INPUT VOLTS. (Nominal) 210, 220, 230, 240, and 250, switch lamps and Nernst filaments. 


selected. 
SIR HOWARD GRUBB, PARSONS & COMPANY 
WALKER GATE, NEWCASTLE UPON TYNE, 6 
PROPRIETORS: C. Al PARSONS: & COMPANY: LAXMI EED 














Permanent Magnets 


for the 


Radio & T.V. Industry 


The very latest techniques in perman- 
ent magnet manufacture can effect real 
economies in your production and at 
the same time contribute further to 
Made by the makers of efficient operation of your products. 

‘Eclipse’ Consult our Technical Staff at an early 
Permanent Magnet Chucks — stage of design to be certain that youare 
taking advantage of recent progress. 

Send for literature: 


Pub. PM108—Loud Speaker Magnets. 


Pub. PMi12—Permanent Magnets for Television 
Receivers. 


PERMANENT 
MAGNETS 
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For routine 
and research 


analysis of pressure, vibration and strain 
N-E‘-P GALVANOMETER 





RECORDER 


(six and twelve channel) 


Available for use with 120 mm. or 150 mm. wide 
paper. A.C. mains or 24 volt D.C. operated. 


The Recorder is fitted with standard R.A.E. Magnet 
block and highly sensitive pencil type Recording 
Galvanometers available with frequency responses 
ranging from 0-40 to 0-2500 c.p.s. 


4-speed gearbox selects speeds instantaneously. 
Facilities include: Remote Control, Built-in Timer, 
Trace Identification (beam interrupter type), etc. 


For further information please write: 


Our other products include: 
Automatic Processing Machines, 2 channel Oscilloscopes, In- NEW ELECTRONIC PRODUCTS LTD. 
ductive and strain gauge type pick-ups, Carrier Amplifiers, etc. 9 NEW CAVENDISH STREET, LONDON, W.1. Wel. 1421-2 
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Memuunt, — Safety Automatic Incinerator 


It is manufactured by the 

first and leading Sanitary 

Incinerator Specialists in 
. the World. 


It is guaranteed for one year 
and backed by a full service 
organization. 


It is simple and cheap to 


It is the only Incinerator 
incorporating our patented 
safety devices. 


It is approved by The Royal 
Institute of Public Health 
and Hygiene 


It is regularly supplied to 
and approved by all H.M. 
Government Departments, 
Local Administrations and 
Educational Authorities, 
Hospital Management Com- 
mittees, General Industry. 


*. *. 2 * 





ECONOMICAL 
EFFICIENT 
FOOLPROOF 
SANIGUARD APPLIANCES LIMITED INDISPENSABLE 
62, LONDON WALL, LONDON, €.C.2 Patents 555062-621085 


and Foreign Pats. 





Gelephore: NATIONAL 888! 8862  acuieo Meracs tro 
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Turn as you will, 
Thesscal will join it 







. Patents applied for 


Booklet on request 


Sole Manufacturers 


HEPFLIELD SMEETING company Limitea 


HEAD OFFICE AND,jWORKS : ROYDS MILL STREET, SHEFFIELD, 4. ‘Phone: 26511. 






Me 


LONDON : SHEFFIELD ‘ BIRMINGHAM 
BERRY ST., CLERKENWELL, E.C.1. 95, ARUNDEL STREET, I. 4,5 & 6 WARSTONE LANE, !8 
Tel: CLE 3156 Tel: 22107 Tel: Central 6893 














STEATITE 





... for all high 


frequency applications 





Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits. 


sevetep WILLIAM SUGG & COMPANY LIMITED 
WESTMINSTER | VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.I.  ViCtoria 3211 
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110 
MINIATURE MOTOR 


AVERAGE CHARACTERISTICS FOR 6 MOTORS 














| Actual size 
° 


: PM.110 has been developed to provide a 
source of mechanical power for driving 
small mechanisms, with particular regard 
6 to compact equipment. 


The motor will operate from a 6 volt or 
Re other voltage supply and because of its 
economical cost can be used in expend- 
able and other irrecoverable equipment. 


T Ci 


- The permanent magnet miniature motor 
: 

8 

t 

wi 


INP 


neuT-6 vouTS We are pleased to supply technical 


report No.I6I on request. 














SPEGTO LID. 





Rd Windsor 





IMPROVEMENT IN THE ACCURACY OF DECADE RESISTANCES 


We have pleasure to announce 
that the well-known 





Moreover, the windings are now of Manganin in order to 
reduce the temperature coefficient ; more important still, 
to improve the long period stability and make them as 
suitable for all direct current purposes as they are for 
alternating currents of all frequencies. 


Screened non-reactive resistance boxes of guaranteed 
accuracy in which the folowing features of novelty are 
incorporated—features which are found only in **Sullivan’”’ 
resistances :— 


1. A device for the elimination of reactance and 
of resistance errors at H.F. 


2. Highly laminated and self-aligning brushes. 


3. Lower decades of absolutely 
constant inductance. 


H. W. SULLIVAN 


LIMITED 
LONDON, S.E.15 


Teleph : New Cross 3225 (P.B.X.) 





SULLIVAN and GRIFFITHS 
INEXPENSIVE SERIES OF 


NON-REACTIVE DECADE RESISTANCE BOXES 


FOR ALL FREQUENCIES 





have now been improved 
in accuracy to 


0°05 per cent 







Also supplied in the form of decade 
units for panel mounting. 


These inexpensive decade boxes are advised as general 
purpose resistances and for alternating current bridge 
balancing. They are merely examples of the many excellent 
types of our 0.01%, 0.03% or 0.05% decade resistances. 
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Cotton Cloths, woven to Symons’ own 


specifications, are varnished to a uniform thickness, 


smoothness and flexibility. 


Silk is characterised by extreme flexibility over a wide 


range of temperatures, while Nylon has become 
popular because of its mechanical strength 


combined with excellent electrical properties. 


Glass and “‘Terylene’’* are the insulations for Class B 


working, being suitable for continuous 


operation up to 150°C. “‘Terylene”’ has the advantage 


of being softer, 


and does not crack when creased. 


Please write for technical data sheets. 


For tested flexible insulation—say SYMONS for sure 


H.D.SYMONS & CO.LTD. 





Symons Varnished Fabrics S 


DEMONSTRATE OUTSTANDING FLEXIBILITY 





* The name 
“Terylene”’ is the 
property of I.C.1. 
Ltd., and is the 
name given to a 
particular Poly- 
ester fibre. 








SYMONS’ 

ADVISORY SERVICE 

if you have an electrical 
insulation problem, send it 
to us! Our Test and 
Research Department will 
be pleased to advise you. 


PARK WORKS - KINGSTON HILL - SURREY Tel. Kingston 0091 - Grams. Insulation (Phone) Kingston-on-Thames 











SERVO-MECHANISMS 
SHORT BROTHERS & HARLAND 
LIMITED 
require a 


DEVELOPMENT ENGINEER 


in the Research Department for interesting work on 


SMALL 
SERVO-MECHANISMS 


involving electronic or magnetic amplifiers coupled to 
electric or hydraulic mechanisms 


Qualifications: University Degree. Development 

experience and ability to undertake theoretical 

analysis of feedback systems and engineering develop- 
ment of the components involved. 


Salaries and conditions are good, pension scheme, 
assistance with housing in Northern Ireland and with 
expenses of removal thereto. 


Applications are treated in strictest confidence. 
Interviews in London or Belfast. 


Applications to Staff Appointments Officer, P.O. Box 
241, Belfast, quoting S.A.60. 








.and practical development of such components. 














MAGNETIC 
AMPLIFIERS 


SHORT BROTHERS & HARLAND 
LIMITED 


have a vacancy in the Research Department for a 


DEVELOPMENT ENGINEER 


to work on magnetic amplifiers for computing systems 
and automatic pilots. 


Qualifications: University Degree and some years 
engineering development expcrience with the capacity 
to accept full responsibility for the theoretical design 


Salaries are good, Pension Scheme, assistance with 
housing in Northern Ireland and with expenses of 
removal thereto. 


Applications are treated in the strictest confidence. 
Interviews either in London or Belfast. 


Applications to Staff Appointments Officer, P.O. 
Box 241, Belfast, quoting S.A. 61. 
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confidence and 
comfort 


tant factors in works relations. | regen 
paige Isafe ” protective items provide t 
sees “a with lightness and comfor 
at will ensure their being willingly — 
me ** Contour Mould ” goggle is ene 
fit the orbital cavity, moulded in wert 
Nylon. The ~ Pulsafe ” 9 sear A ond 
fitting, light in weight, and may SS sa 
filters of thin felt, sponge, and . ae pin wee 
at either side exhaust impure al 


with inhalation. 


‘PULSAFE’ CONTOUR 


OULD 
* PULSAFE’ RESP “dinaiees 


IRATOR 


SAFETY PRODUCTS 


ST. GEORGE’S HOUSE 44 HATTON GARDEN LONDON EC! 
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“ Finger-tip 


flame control ”’ 


said a silversmith, “Pleasant to handle, 
very sensitive controls.” 
He was one of the many users of our 
Flamemaster Mark 11 and the three comments 
he made probably sum up the main reasons 
for the Flamemaster’s immense popularity. 
Also: 
It burns coal-gas or bottled-gases of the 
butane type with equal efficiency... 
The air or oxygen pressure needed is comparatively 
low... 
All the different flame-units are easily 
interchangeable... 
It won’t splutter or give you an unstable flame... 
It won’t leak, even on high pressures... 
It won’t raise your running-costs, ( our 
economiser-trigger sees to that)... 
But it will bring speedy and reliably controlled 
heating right to the spot where you need ic - 


remember the name 


FLAMEMASTER MARK II 


Write for full details to :— 


STONE CHANCE LIMITED 


DEPT. F.28, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM. 


TELEPHONE : BROADWELL 2651. 


LONDON OFFICE: 28 ST. JAMES’S SQUARE, S.W.1. TEL: WHITEHALL 6002. 
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PRODUCTS ) 








For a quarter of a century we have been supplying Eyelets, 
Solder Tags, Terminals, Flat Brass Strip Wires for Capacitors (with 
or without the eyelet combined), Valve Top Caps, etc., to the Radio 
and Television industry, and numerous TUCKER products are now 
standard components throughout the trade. 


We now welcome enquiries from the ELECTRONICS INDUSTRY 
for small metal pressings or piece parts, and willingly place at the 
disposal of its designers and research staffs the resources of our 
Technical Department and our many years of experience in this type 


of work. 
Geo. TUCKER EYELET Co. Ltd., Walsall Rd. BIRMINGHAM 22 
Telephone: BiRchfields 5024 (7 lines) Telegrams: EYELETS.BIRMINGHAM 


























When the need demands compact, reliable fuses 
—order SLYDLOK. Before the need arises send 
for full details of the SLYDLOK range of fuses 
—there is a type to meet every requirement. 






you mean 


SY DICK 





LONDON : Fulwood House, 
Fulwood Place, 

Holborn, W.C.1. 

Tel: Chancery 2206 






EDWARD Wi & CO. LTD. - WYTHENSHAWE - MANCHESTER 22. 
Telephone : Wythenshawe 2235/6/7. Telegrams : ‘‘ Slydlox’’ Manchester. 
dm EW.64 
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or mn neem, 


THE SOLARTRON 
ELECTRONIC GROUP LTD. 


BRILLIANT FUTURE for young men with 
original ideas. 


OULU LOLOL) 


Are you grasping your opportunities as an 
Electronic Engineer ? 


The successful SOLARTRON ELECTRONIC 

GROUP offers a fresh and stimulating atmosphere, 

encourages individual responsibility, provides the 
right services. 


ADD TO YOUR FUTURE VALUE by gaining 

experience on important commercial applications 

of the latest electronic and _ electromechanical 
techniques. 


EXCELLENT OPENINGS for:— 
Senior Research Engineers 


with proven ability in original design work of advanced 
nature in the following fields. 


Electronic Business Machines. Electronic Instruments. 
Electro Mechanical Devices. Precision Mechanical 
Instruments. 


Minimum Salary £1,100 p.a. 


Upper limit commensurate with ability. 





Project Development Engineers 
Men with DRIVE and some experience of batch production 


design requirements who are skilled in developing electronic 
equipment from outline circuitry. 


Salary from £800 p-a. upwards according to ability. 





Junior Research Assistants 


Graduates with sound theoretical background to assist 
research ; work offers interest, variety and excellent prospects. 





Senior Draughtsmen 


for Mechanical Design, and Development of Electronic and 
Electro-Mechanical Equipment. 





Detail Draughtsmen (Junior) 


Workshop experience desirable and familiarity with wiring 
and circuit drawings an advantage. 











Electronic Inspectors 


with experience of inspection in electronic equipment. 
Knowledge of A.I.D. procedure preferred but not essential. 


Vacancies in other departments are constantly occurring in 
this rapidly expanding and successful firm. 


If you are likely to be interested in a future vacancy why 
not write for information. There may be just the very opening 
for which you are looking. Apply in writing to the Personnel 
Director, The Solartron Electronic Group Ltd., Queen’s Road, 
Thames Ditton, Surrey. 


OULU CL CLO 


SHANNEN UAUMAELT TOA THUG HELE 


FI 








ELECTRICAL AND MECHANICAL i 


COUNTERS 





TULLE PLE cL cod 


ET, WRT RE 


COMPANY 
LIMITED 
MILLTOWN STREET 
RADCLIFFE 
MANCHESTER 
RADCLIFFE 2675 





EO 


HH 





c.w. 2864 T 








RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 
QUOTATION BY 
RETURN 


RACKS P.O. STANDARD} ior 19” panels. Steel channel 


sides, correctly drilled, heavy angle e. Height: 4 10” or 6’. 


TELE UL 





rere 





KEY SWITCHES 


PROMPT DELIVERY 
OF ALL TYPES 


Be Serre y ry rl 
MICROAMMETERS 250F.S.D. Model $37 3}” Flush Type. 
Knife edge Pointers scaled ‘or Test Meters. 55/-. 
RATIO ARM UNITS By H. W. Sullivan. Brand new. 600 
ohms + 600 ohms. 50/-. Post 2/-. 
WHEATSTONE RESISTANCE BRIDGE Manganin. 
1 to 10,000 ohms. £5. Post 2/6. 


ELECTRO-MAGNETIC COUNTERS 
a: COUNTING UP TO 9999 ; 


wil 








TYPE 9G. TYPE I7A 


500 ohms 3 ohms 
24/50 Vt.D.C. 2/6 Vt. D.C. 
15/- Post I/- 15/- Post 1/- 


MANY OTHER TYPES IN STOCK. 
LIST AVAILABLE. 


L. WILKINSON (CROYDON) LTD- 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 Telegrams : ‘‘ WiLCO’’ CROYDON 


TT 
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NON-FERROUS 
CASTINGS 


FOR THE 


ELECTRICAL 


Sandwell Castings are in- 
corporated in many of the 
best known products 
throughout the EB i 
Industry. (Illustrated is a 
typical Sandwell Casting 
used in Reyrolle 132 kV. 
3,500-MVA. air-blast cir- 
cuit breakers). When next 
you require precision non- 
ferrous Sand Castings, 
Gravity Die Castings or 
_ Pressure Die Castings, 
LET SANDWELL QUOTE. You 
will find our prices keenly competitive 
and deliveries prompt. 


ILLUSTRATED LITERATURE ON 
REQUEST 


THE SANDWELL CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH. 
Tel: STOnecross 2231 (4 lines). Grams: ‘‘REPCAST’’ West Bromwich. 

















I'M A TOGGLE- 
JOINTED END- 
CUTTING NIPPER 





— in case we haven’t met be- 
fore, and I’m just one of a high- 
grade family of pliers, pincers, 
nippers, pipe wrenches and tele- 
graph tools made by Wilkinsons 
for I10 years. Once you've 
used one of us you'll never 
desert us — just try it! 





KERFOOT STREET 


ViVAN EE GENESR@ IN ESE Areincton 


TOOLS LIMITED @ ENGLAND 





x3 
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Rocol 
Molybdenised 
Lubricants... 






@ Enable the advan- 
tages of Molyb- 
denum Disulphide 
to be employed for 
every type of 
application. 














Eliminate scuffing, galling, 
pick-up and seizure, and 
inhibit fretting corrosion. 














ANTI-SCUFFING PASTE, ANTI- 
SCUFFING OIL, MOLYBDEN- 
ISED GREASES, MOLYB- 
. DENISED OILS, 
MOLYBDENISED 
SILICONES, MOL- 

Y BDENISED 

FLUIDS 






Ensure maximum 
lubricating efficiency 
and greatly increased 
working life under 

all conditions. 











IBEX HOUSE. 


MINORIES, 

LONDON, E.C.3 

RAGOSINE Telephone : ROY AL 4372. 
» 4 MINERVA WORKS, WOODLESFORD, 
NR. LEEDS’ Telephone: ROTHWELL 2164. 
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A. V. ROE & CO. LTD., 


Offer interesting vacancies for 
Technicians 


in the following fields 


Servomechanisms 
Applied Electronics 
Mechanical Engineering 
Hydraulic Engineering 


Normal qualification H.N.C. or the 
equivalent, but young applicants 
without qualifications in the above 
fields will be considered. This is 
an opportunity to join a newly- 
formed Division whose laboratories 
are situated in a rural area. 


Apply to :— 
The Chief Engineer, 
Weapons Research Division, 
A. V. Roe & Co., Limited, 
Woodford, Cheshire. 











A. V. ROE & CO. LTD., 
have the following vacancies in their 
WEAPONS RESEARCH DIVISION 
at 
WOODFORD 


TECHNICIANS 


For design and development work in a guided 
weapon project. At least 3 years experience 
in electronics or H.N.C. is necessary. 


JUNIOR AND SENIOR DRAUGHTSMEN 


For design work in precision instrumentation. 
At least 3 years experience in design precision 
engineering or H.N.C. is necessary. 


GOOD SALARIES AND PROSPECTS 


PENSIONS AND LIFE ASSURANCE 
SCHEME 








Application giving full particulars of age, 
qualifications and experience to be addressed 
to :— 
A. V. ROE & CO. LTD., 
WEAPONS RESEARCH DIVISION, 
WOODFORD, CHESHIRE. 























The latest ‘‘ Electronic Engineering’’ monograph 


RESISTANCE STRAIN GAUGES 


By J. Yarnell, B.Sc., A.Inst.P. 


Price 
(Postage 6d.) 


12/6 


-This book deals in a practical manner with the construction and application of 
resistance gauges and with the most commonly used circuits and apparatus. 
The strain-gauge rosette, which is finding ever wider application, is treated 
comprehensively, and is introduced by a short exposition of the theory of stress 


and strain im a surface. 


Order your copy through your Bookseller or direct trom:— 





tHectronic Engineering 


28 ESSEX STREET STRAND LONDON, W.C.2. 
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Advance Components Ltd. <3 ae 22 
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Electronic Engineering 
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There are five sizes. & 


* VITREOUS ENAMEL BONDED 

* HIGHEST MECHANICAL STRENGTH 

* MAXIMUM ELECTRICAL PERFORMANCE 
* MINIMUM SIZE IN RELATION TO 


POWER DISSIPATION 
* CAN BE USED IN TROPICAL 


SITUATIONS WITHOUT MODIFICATION 


...BERC 


TOROIDAL RHEOSTATS 









o 

+ 10% L.25 

I | — 

2 3.54 

3 2'89 

5 2:24 

733° |. te 

10 | 1.58 

+ Sum Rie 

25 | 1.00 
so. |. aa 
75 | ieee 
100 ~«= | ~— $500 
150 | 408 
200 | .354 
350 | = 1268 
500 "224 
1,000 158 
1500 1129 
2'500 “100 
5'000 071 

7'500 xsd 

10/000 = 








Ask for list 613A, which gives full technical details and prices, from : 
THE BRITISH ELECTRIC RESISTANCE CO. LTD., 


| 


and five important features of .... 


(CURRENT RATINGS 





















| L.so L.75 L.100 L.150 
7.07 8.66 10.00 12.50 
5.00 6.12 7.07 8.66 
4.08 5.00 5.75 7.07 
3.16 3.88 4.77 5.48 
2.58 3.16 3.65 4.47 
2.24 2.74 3.16 3.88 
1.83 2.24 2.58 3.16 
1.41 1.73 2.00 2.45 
1.00 1.23 1.41 1.73 

818 1.00 1.15 1.41 

707 866 1.00 | 1.23 

575 .707 818 | 1.00 
612 .707 866 
378 463 535 655 
316 .388 447 548 
224 .274 316 88 
183 .224 .258 316 
141 173 .200 245 
| .123 141 .173 
081 00 =| 1115 141 
_ _ .100 12.125 





Queensway, Ponders End, Middlesex. Telephone : Howard 1492 Telegrams : Vitrohm, Enfield. Pioneers of the toroidally wound power rheostats in England. 
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have these outstanding features 


HIGH OPERATIONAL SPEED ° HIGH SENSITIVITY 
FREEDOM FROM CONTACT REBOUND 
NO POSITIONAL ERROR * HIGH CONTACT PRESSURES 
EXCEPTIONAL THERMAL STABILITY * EASE OF 
ADJUSTMENT * ACCURACY OF SIGNAL REPETITION 


The Carpenter Polarized Relay will respond to weak, ill-defined or 
short-duration impulses of differing polarity, or it will follow weak 
alternating current inputs of high frequencies and so provide a contin- 
uously operating symmetrical changeover switch between two different 
sources. Five basic types are available with a wide range of single 
and multiple windings. Particulars of the type best suited to your 
purpose will be gladly supplied if you will send us your circuit details. 


Manufactured by the sole licensees 
TELEPHONE MANUFACTURING CO. LTD 
Contractors to Governments of the British Commonwealth and other Nations 


HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2!I 
Telephone GIPsy Hill 2211 








Printed in Great Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Preprioters, Morgan Brothers (Publishers), Ltd., 28, Essex Street, 
Strand, W.C.2. Registered for Tr by dian Magazine Post. 








transmi 
of U. 





STANDINGWAVE METER MODEL 3. 
This is the simplest in our range and is intended 
for hand traverse. 


PRECISION ATTENUATOR. 

Designed for a specific purpose, this instrument 
can be re-set to 0°005db and is machined from 
solid material to avoid errors associated with 
waveguide distortion. 





Telegrams : MICROWAVE. N. SHIELDS. 
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SPECIAL ALLOYS 
COMSOL ALLOY, with a melting point of 
296°C. is intended for use on components 
likely to be submitted to high temperatures. 


i 
T.C.L. ALLOY, melting point 145°C. is made 


7 lb. REELS 


Ersin Multicore is the 
most widely used 
solder in the radio, 
television and 
electronic industries. 


PRINTED CIRCUITS 


It is available as 
Standard for factory 
use on 7 Ib. reels in 
9 gauges and 6 alloys. 
Finer gauges are supplied on | Ib. and } Ib. 
reels. Ersin Multicore 5-core Solder is 
approved by A.I.D., A.R.B. and G.P.O. 
It fully meets U.S. Federal Specifications. 


AMOI HINpHHH 1) 


The Multicore publication, P.C.101 gives 
full details of the Multicore materials 
supplied for the efficient soldering of 
printed circuits. 

Comprehensive information is given 
about Multicore Surface Preservative, 
P.C. 10a, which can also be used on tags 
and wires of components. 

Engineers requiring this interesting 
a gad should write for a copy of 

101, 


from tin, lead and cadmium. 
P.T. (Pure Tin) ALLOY with melting point 
of 232°C. is available for use when lead- 
free solders are required. 

L.M.P. ALLOY, with 2% silver content, melts 
at 179°C. and is for use on ceramics and 
other silver-coated components. 











NEW/ Home Constructors’ Pack 


amateur radio enthusiasts, this new 
de just the right amount of solder 


2! 6d 


SUBJECT 


To meet the special demand of 
pack has been introduced to provi 
at just the right price. The carton 


30 ft. 18 s.w.g. 60/40 high tin content alloy Ersin 


Multicore 5-core Solder. 


Bib WIRE STRIPPER & CUTTER 


This handy little tool strips insulation without 
nicking the wire, cuts wire cleanly and splits plastic 
extruded twin flex. Adjustable to most wire 
thicknesses by the turn of a screw. Invaluable to 
amateur and pro‘essional electricians alike. 

3/6 each (subject). 


contains a reel of 


Bib RECORDING TAPE SPLICER 


This sturdy nickel-plated instrument enables recording tape to be 
jointed quickly and accurately. Splices are indiscernible on the 
edited recording. It soon pays for itself in tape economies. 
18/6 each (subject). 





RADIO & T/V SERVICE ENGINEERS’ 


1 Ib. REEL Containing approximately 167 ft. 
of 18 s.w.g. 50/50 alloy Ersin Multicore 5-core 
Solder, this reel is ideal for service engineers and 
others needing a good deal of solder at a time. 
Cat. Ref. RS018. Reels 15/- each (subject). 


SIZE 1 CARTON 


Vhese easy to use cartons, are available containing 
Ersin Multicore 5-core Solder. 5/- each (subject). 
Available in any of 4 specifications: 





Catalogue Alloy 


ef. No. |_Tin Lead S.W.G. 


C 16014 . 60/40 | 14 
|- 


App. length 

per carton 
a _|___ 21 feet _ 
C 16018 6040 | 18 55 feet 
C 14013 4060 | Res 
ci40i6 {| 4060 | 


13 19 feet 
16 38 feet 





MULTICORE SOLDERS LTD - MULTICORE WORKS - HEMEL HEMPSTEAD - HERTS (BOXMOOR 365 
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